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(54) Title: ANTIBACTERIAL AGENTS " 
(57) Abstract 

Compounds of formula (I) are antibacterials: wherein 'R| 
represents hydrogen, or C]-C6 alkyl or Ci-C6 alky I substi- 
tuted by one or more halogen atoms; R2 represents a group 
Ria-(X)n-(ALK)M- wherein Rio represents hydrogen, or a Ci-Ca 
alkyl, C2-C6 alkenyl,C2-C6 alkynyl. cycloalkyl, aryl, or het- 
erocyclyl group, any of which may be unsubstituted or sub- 
stituted by (Cj-Cd) alkyl, (C(-C6) alkoxy, hydroxy, mercapto, 
(Ci-~C6) alkylthio, amino, halo (including fluoro, chloro, bromo 
and iodo), trifluoromethyl, cyano, nitro, -COOH, -CONH2, 

-COORA, -NHCORA -CONHRA. -NHRA, -NR^rb, or -CONRArb wherein R^ and R^ are independently a (Ci-Ce) alkyl group, 
and ALK represents a straight or branched divaicnt C1-C6 alkylene, C2-C6 alkenylcne. or C2-C6 alkynylene radical, and may be interrupted 
by one or more non--adjacent -NH-, -O- or -S- linkages, X represents -NH~, -O- or -S-, and m and n arc independently 0 or 1; and A 
represents a group as defined in the specification. ' 
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Antibacterial Agents 

This invention relates to the use of N-formyi hydroxylamlne derivatives as 
antibacterial agents, to a novel class of such compounds, and to pharmaceutical and 
veterinary compositions comprising such compounds. 

Backoround to the Invention 

In general, bacterial pathogens are classified as either Gram-posltlve or Gram- 
negative. Many antibacterial agents (including antibiotics) are specific against one or 
other Gram-class of pathogens. Antibacterial agents effective against both Gram- 
positive and Gram-negative pathogens are therefore generally regarded as having 
broad spectrum, activity. 

Many classes of antibacterial agents are known, including the penicillins and 
cephalosporins, tetracyclines, sulfonamides, monobactams, fluoroquinolones and 
quinolones, aminoglycosides, glycopeptides, macrolides, polymyxins, lincosamides,- 
trimethoprim and chloramphenicol. The fundamental mechanisms of action of these 
antibacterial classes vary. 

Bacterial resistance to many known antibacterials Is a growing problem. Accordingly 
there is a continuing need in the art for alternative antibacteriar agents, especially 
those which have mechanisms of action fundamentally different from the known 
classes. . 

Amongst the Gram-positive pathogens, such as Staphylococci, Streptococci, 
Mycobacteria and Enterococci, resistant strains have evolved/arisen' which makes 
them particulariy difficult to eradicate. Examples of such strains are methicillin 
resistant Staphylococcus aureus (MRSA), methicillin resistant coagulase negative 
Staphylococci (MRCNS), penicillin resistant Streptococcus pneumoniae and multiply 
resistant Enterococcus faecium. ^ ; '■ ^ — '■ ' — 
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Pathogenic bacteria are often resis.tant to the amirioglycosider^ p-lactam (penicillins. 
and cephalosporins)^ and chlpramphenicol types of antibiotic 'lhis resist^nc^^ 
- invblves the enzymatic inactivation of the antibiotic by hydrolysis or by formation of 
inactive derivatives. The |3-lactam (penicillin and cephalosporin) family of antibiotics • 
are characterised by the presence of a p-lactam ring: structure. Resistance to this . 
family of antibiotics in clinical isolates is most commonly due to the production of a' 
"penicillinase" (p-lactamase) enzyme by the resistant bacterium whjch hydrolyses \ v 
the 3-lactam ring thus eliminating its antibacteriai activity. 

y Repently there has been a^ 

^nterococci (Woodford N. 1998:Glycopeptide-resistant .6nterocb^^^^^ . 

experierice.;Joumal of Medical Microb^^^ 47(10):849-62). Vancomycin-resistant 
^ •enterococci are particularly hazardous in that they are frequent causes of hospital 
. based infections and are inherently resistant to most antibiotics. Vancomycin works 

by binding to the terminal D-Ala-D.AIa residues of the cell wall peptidioglycan 

precursor. The high-level resistance to vancomycin is known as VanA ahd is 
. confen^ed by a genes located on a transposable element which alter the teirriinal 
residues to D-Ala-D4ac thus reducing the affinity for vancornyci \ ■ - r v 

In view of the rapid emergence of multidrug^resistant bacteria, the development of 
antibacterial agents with hovel modes of action that are effective against the growing . 
number of resistant bacteria, particuiarly the , vancomycin resistant enterococci'and 
; p-lactam antibiotic-resistant bacteria, such as methicillin-resistant Staphylococcus 
aoreas, is oiF utniost importance.^ ; V : * 

Brief Description of the Invention • ' 

This invention is based on the finding that certain N-fomiyl hydroxylamine 

derivatives have antibacterial activity, and makes available a new class of 
antibacterial agents. The inventors have found that the compounds with which this 
invention is concerned are antibacterial with respect to a range of Gram-positive and 
Gram-negative organisms. Furthermore, there is evidence that some compounds 
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are antibacterial with respect to bacteria which are resistant to commonly used 
antibiotics such as vancomycin and the p-lactam antibiotics; for example methicillln- 
resistant S^ap/7y/ococcus aureus. 



Although it may be of interest to establish the mechanism of action of the 
compounds with which the invention is concerned, it is their ability to inhibit bacterial 
growth which makes them useful. However, it is presently believed that their 
antibacterial activity is due, at least in part, to intracellular inhibition of bacterial 
polypeptide deformylase (PDF) enzyme, 

Bacterial polypeptide deformylases (PDF) (EC 3.5.1.31), are a conserved family of 
metalloenzymes (Reviewed: Meinnel T, Lazennec C, Villoing S, Blanquet S, 1997, 
Journal of Molecular Biology 267. 749-761 ) which are essential for bacterial viability, 
their function being to remove the formyl group from the N-tenriinal methionine 
residue of ribosome-synthesised proteins in eubacteria. Mazel et al. (EMBO J. 
13(4):914-923, 1994) have recently cloned and characterised an E. coli PDF. As 
PDF is essential to the growth of bacteria and there is no eukaryotic counterpart to 
PDF, Mazel et al. (ibid). Rajagopalan et al.-(J. Am, Chem. Soc. 119:12418-12419, 
1997) and Becker et al., (J. Biol Chem. 273(19):t1413-1 1416, 1998) have each 
proposed that PDF is an excellent anti-bacterial target. 

Certain N-formyl hydroxylamine derivatives have previously been claimed in the 
patent publications listed below, although very few examples of such compounds 
have been specifically made and described: 

EP-B-0236872 (Roche) 

WO 92/09563- (Glycomed) . . 

WO 92/04735 (Syntex) 

WO 95/1 9965 (Glycomed) 

. WO 95/22966 "(Sanofi Winthrap) • — . — - — ■ . . ■ 

WO 95/33709 (Roche) 
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,^ • (Syntex)^ ; • : ; ' : > V - . , v^.:: , 
- > WO 96m027 ..; (Syhtex/Agduron) ^ ■ . ^ v ; , : . 

^ -(British Biotech) \ - . ■ / 

. WO 97/18207 (DuPont Merck) , , ■ ? 

■ , WO 98/3^179 ; (^^^ .::-.'y:-'---'d.-'':;- 

' . ; WO.98/47863 \ : . :(Lat)s Jaques Logeais) ^ : ■ : ' ^ 

The pharmaceutical utility ascribed to the N-fdniiyj hydrdxylarn 
thpse publications is the ability to inhibit matrix metailoproteinases (M^ 
■ some qases release of fumour necrosis factor (TNF),; and hence the treatment of 
diseases or conditions mediated by those enzymes, such, as cancer and rheumatoid, 
arthritis. That prior art does not disclose or imply that N-formyl hydroxylamine .. ' - 
derivatives have antibacterial- activity, V • - - • , 

In addition to these; USrA-4 J38,803 (Rocjue^ et al.) also disclosed N-foiTnyi ' 
hydroxylamine derivatives, however, these compounds are disclosed as v 
> ehkephalinase inhibitors and are proposed for use as antidepressants and^ 
hyfiotensive agents. Also. WO 97/38705 (Bristol-Myers Squibb) discloses certain N- 
forrnyl, hydroxylamino derivatives as enkephalinase and angiotensin converting 
enzyme inhibitors. This prior art does not disGiose or imply that N-forrnyi • " ' - 
hydroxylamine derivatives have antibacterial ^^^^^ - 

Detailed description of the inventiori ; ' ^ - • . " 

/ViccOrdirig to the^first aspebt of the present inventi6n'there^ pfbyidecl the iis^ of i 
compound of formula (I) or a pharmaceutically or veterin^rily acceptable salt thereof 
in the preparation of dn antibacterial composition: ' \ 




(I) 
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wherein: 

R, represents hydrogen, or 0,-0^ alkyi or C,-C^ alkyi substituted by one or more 
halogen atoms; , , 



R2 represents a group Rio-{X)„-(ALK)„- wherein ... 

R10 represents hydrogen, or a 0,-0^ alkyi. Cj-Ce alkenyl. Cz-Ce alkynyl, 
cycloalkyi, aryl, or heterocyclyl group, any of which may be unsubstituted or 
substituted by (C,-C6)alkyl, (CrC6)alkoxy. hydroxy, mercapto. (C,-C6)alkylthiOi 
amino, halo (Including fluoro. chloro. bromo and iodo). trifluoromethyl. cyano. 
nitro. -GOOH, -CONH2.-GOOR^ -NHCOR^ -CONHR*. -NHR*. -NR'^RB. or - 
CONRARS wherein R* and R^ are independently a (C,-C6)alkyl group, and 



ALK represents a straight or branched divalent Ci-Cg alkylene, Ca-Cg 
alkenylene, or C^-Ce alkynylene radical, and may be iptenxipted by one or 
more non-adjacent -NH-, -O- or -S- linkages. ...... 

X represents -NH-, -O- or -S-. and . 

m and n are independently 0 or 1 ; and 

A represents (i) a group of formula (lA), (IB). (IC) or (ID) 






OH >T^ -^o^- -NRgRe 



1IA)~^ — (TBy— - — (T C) (ID)- 
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wherein: . 

R3 represents hydrogen and R4 represents the side chain of a natural qr n 

natural alpha amino acid or R3 and R; when taken together with the nitrogen 
. and carbon atoms to which they are respectively attached form an optionally 
substituted saturated heterocyclic ring of 5 to 8 atoms which ring is optionally : 
fused to a carbocyclic or second heterocyclic ring, 

Rg and Re. independently represent hydrogen, or optionally substituted C,-Ca 

alkyl. cycloalkyl. aryl. aryl(C,-C6alkyl). heterocyclic, or heter^^^ 

alkyi). or Rg and Rg when taken together With the nitrogen atom to which they 

, attached fomri an optionally substituted saturated heterocyclic ring of 3 to 
8 atoms which ring is optionally fused to a cariaocyclic or second heterocyclic 
ring, and 

R7 represents hydrogen. C,-C8 alkyl. or an acyl group. 

In another aspiect. the invention provides a method for the treatment of bactenaj 
infections in humans and non-human mammals, which comprises administering to a 
subject suffering such infection an antibacterially effective dose of a compound of 
formula (I) as defined above. 

In a further aspect of the invention there is provided a method for the treatment of ' 
bacterial contamination by applying an antibacterially effective amount of a 
compound of forhiula (I) as defined above to the 

The compounds of formula (I) as defined above may be used as component(s) of 
antibacterial cleaning or disinfecting materials. 

According to a prefen-ed embodiment, the various aspects of the invention can be 
applied against vancomycin-, quinolone- and ■•3-lactam"-resistant bacteria and the 
infections they cause. 
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On the hypothesis that the compounds (I) act by inhibition of intracellular PDF, the 
most potent antibacterial effect may be achieved by using, compounds which ; 
efficiently pass through the bacterial cell wall. Thus.. compounds which are highly 
active as ihhit>itors of PDF in vitro and which penetrate bacterial cells are preferred 
for use in accordance with the invention. It is to be expected that the antibacterial 
potency of compounds which are potent inhibitors of the PDF enzyme in vitro, but 
are pooriy cell penetrant, may be Improved by their use in the form of a prodrug, ie a 
structurally modified analogue which is converted to the parent molecule of formula 
(I), for example by enzymic action, after it has passed through the bacterial cell wall. 

The invention also provides nov^l compounds of formula (I) above, or . 
phamiaceutically or veterinarily acceptable salts thereof, wherein: 

R, represents hydrogen, C^-C^ alkyi or 0^0^ alkyi substituted by one or more 
halogen atoms; 

represents a group Rio-(ALK)„- wherein 

Rio represents hydrogen, or a Ci-Cg alkyi, Cz-Cg alkenyl, Ca-Cg alkynyl, a 
cycloalkyi, aryl, or heterocyclyl group, any of which may be unsubstituted or 
substituted by (Ci-Ce)alkyl. (Ci-Cs)alkoxy. hydroxy, mercapto, (C,-C6)alkylthio, 
amino, halo (including fluoro, chloro, bromo and iodo), trifluoromethyl, nitro, - 
COOH, -CONH2.-COOR^-NHCOR^-CONHR^-NHR^ -NR^R«, or,-. 
CONR^R^ wherein R'^ and R^ are independently a (Ci-.C6)alkyl gnaup, 

ALK represents a straight or branched divalent Ci-Cg alkylene, Ca-Cg. 
alkenylene, Ca-Cg alkynylene radical* and may be interrupted by one or more 
non-adjacent -NH-, -O- or -S- linkages, and 

m represents^Ow"lT '~, — : — 7" — ; — — — — - — — ^ 
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A represents a group of formula (IA); p);^^^^^^ ^ 

; . R3 represents hydrogen Wid R4 represents the side chain of a natural or -non- : 
: - • - -natural alpha amjno acid or R3 and when taken together with the nitrogen 
and carbon atpnis to which they are respectively a:tt^ 
. substituted saturated heterocyclic ring of 5 tP 8 artbms which ring is optidnally 
. . ^rfused to a carbocydic or .second heterb • 

•R5 arid Re, independently represent hydrogen, or optibnally substituted Ci-Ga 
; .alkylv cycloaikyl/aryl(Ci^^^^^^ non-arbmatic heterbcyclic. or 
• . . • ' heterocyc!lc(C,-C6 alkyl). or R5-and R6 W^^^ 

- atom, to which they are attached form an bptionally substituted saturated 
heterocyclic ring of 3 to 8 atoms which ring is optibnally fused to a carbpcydic; 
* 01- second heterocyclic ring, and ^ ; . . : , • . ' 

^ R7 represents hydrogen. Ci-Ca/alkyl,^ 

PROyiPED THAT (i) When A is a group bffomiulav{IA) or (IB) and R^ Is Cz-^^ 
then R4 is not the sid^ chain of a natural alpha aminb acid or the side chain of a 
natural alpha-ariiino acid iri whiehTany functional substituehts are protected, any i 
aminb, groups are acyiated, and any carboxyl groups are esterified; . ^ ' ; 

(ii) when A is a group of formula (lA) or (IB 
bicycllcarylmethyl group; and ' • ! ' C 

("Owheh ■ ' : ■ " 

cyclopropylmethyl, cydobutylmethyl or cyclopentylmethyl and one of Rg and. R^ is 
hydrogen, then R4 is not tert-butyL . . : ^ , 

As used herein the temT'(C,-C6)alkyr means a straight or branched chain alkyi 
moiety having from 1 to 6 carbon atoms, including for example, methyl, ethyl, n- ■ 
propyl, isopropyl. n-butyl. isobutyl. sec-butyl, t-butyl. n-pentyl and n-hexyl. . 
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As used herein the term "divalent (Ci-C6)alkylene radical" means a saturated 
hydrocarbon chain having from 1 to 6 carbon atoms and ^A/o unsatisfied valencies. 

As used herein the term "(C2-C6)alkenyl" means a straight or branched chain alkenyl 
moiety having from 2 to 6 carbon atoms having at least one double bond of either E 
or Z stereochemistry where applicable. The term includes; for example, vinyl, allyl, 
1- and 2-butenyl and 2-methyl-2-propehyl. ■ ^ 

As used herein the term "divalent (C2-C6)alkenylene radical" means a hydrocarbon 
chain having from 2 to 6 carbon atoms, at least one double bond, and two 
unsatisfied valencies. ' 

As used herein the temi "Cs-Cg alkynyl" refers to straight chain or branched chain 
hydrocarbon groups having from two to six carbon atoms and having in addition one ' 
triple bond. This term would include for example, ethynyl, 1-propynyl, 1- and 2- 
butynyl, 2Tmethyl-2-propynyl, 2-pentynyl, 3-pentynyl, 4-pentynyl, 2-hexynyl, 3- 
hexynyl, 4-hexynyl and 5-hexynyL 

As used herein the term "divalent (C2-C6)alkynylene radical" means a hydrocarbon 
chain having from 2 to 6 carbon atoms, at least one triple bond, and two unsatisfied 
valencies. 

As used herein the term "cycloalkyi" means a saturated alieyclic moiety having from 
3-8 carbon atoms and includes, for example, cyclopropyl, cyclobutyl, cyclppentyl, 
cyclohexyl, cycloheptyl and cyclooctyl. 

As used herein the term "cycloalkenyl" means an unsaturated alieyclic moiety having 
from 3-8 carbon atoms and includes, for example, cyclopropenyl, cyclobutenyl, 
cyclopentenyl, cyclohexenyl, cycloheptenyl and cyclooctenyl. In the case of ' 
cycloalkenyl rings of from 5-8 carbon atoms,,the ring may contain more than one 
double bond. 
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As used herein the term •■aryl^refe^s to a 

group, and to groups consisting of ftA/ro dov^len^^ rn9n6cyclic carbocyclic 

aromatic groups. Illustrative of such groups are phenyl, biphenyl and hapthyl. 

As used herein the tenTi "heterparyi;' i^ 

containing one or more heteroatoms, and optionally fused to a b^^ ring; 
and to groups consisting of two covalently linked 5- or 6- membered aromatic rings 
each containing one or more heteroatoms; and to groups consisting of a mp ' 
: . carbocyclic aromatic group covalently linked to a 5- or 6. membered aromatic rings 

■ containing one or more heteroatoms;. illustrative of such groups are thienyl, furyl. . 
pyrrolyl, imidazolyl. benzimidazoiyl. thiazolyl, pyrazoiyi, isbxazolyl, Isothlazblyl, 
triazolyl, thiadiazolyl/oxadlazolyl. pyriainyl. pyridazi . ' 
triazlnyl, 4-([1,2,3]-thiadiazoly4-yl)phenyl and^^^^^^^ 

Aa used herein the u^^^ . - 

"heteroaryr' as defined above, and in particular means a 5-7 membered aromatic or - 
non-aromatic heterocydic ring containing one or qiore heteroatoms selected from ^/^^ 
: N and O. and optionally fused to a benzene ring, including for example, pyrrolyl. 
furYl„thienyl. piperldinyl; imidazolyl. oxazolyl, thiazolyl^ thiadiazQiyI, pyrazolyl! 
pyrldinyl. pyrrolldinyl. pyrimidlnyi, niorpholinyl. pip 
:m?leimid6.' succinlmido. ph^^ 

■ As used herein the temi ••acyrm^ 

; . (C2-C6)alkenyl, (C3-C7)cy.cloalkyl, phenyl^ . 
' • heterocydyl(C,-C6)alkyl, (C3-C,)cydoalkyl(CvCs)aikyi,.phenyl(C2^^^ 

heterocydyl(C2-C6)alkenyl, (C3-C7)cydoalkyl(.C2-C6)alkenyl, any of^^^ 
may be substituted. 

As used herein, the term ••bicydlcarylmethyl" means (i) a methyl group substituted by 
a monocydic aryl or heterbaryl group which in turn Is substituted by a monocyclic 
aryl or heteroaryl group, or (ii) a methyl group substituted by a monocyclic aryl or ' ' 
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heteroaryrgroup to which is fused a second monocyclic aryj or heteroaryi group; and 
includes both unsubstituted and substituted bicyciicarylmethyL Examples of such 
bicyclicaryimethyl groups include naphthyl, indolyl, quinolyl and isdquinolyl. 

Unless otherwise specified in the context in which it occurs, the term "substituted" as 
applied to any moiety herein means substituted with up to four substituents, each of 
which independently may be (Ci-Ce)alkyK benzyl, (CrCe)alkoxy, phenoxy, hydroxy, 
mercapto. (Ci-C6)alkylthio, amino, halo (including fluoro, chloro. bromo and iodo), 
trifluoromethyl, nitro, -COOH, -CONHj. -COR^, -COOR^. -NHCOR^ -CONHR^ - 
NHR^ -NR'^R^, or -CONR^R^ wherein R^ and R^ are independently a (Ci-C6)alkyl 
group, In the case where "substituted" means benzyl, the phenyl ring thereof may 
itself fae substituted with any of the foregoing, except benzyl. 

As used herein the temris "side chain of a natural alpha-amino acid" and "side chain 
of a non-natural alpha-amino acid" mean the group R^j'n respectively a. natural and 
non-natural amino acid of formula NH2-CH(R'')-GOOH. 

Exampjes of side chains of natural alpha amino acids include those of alanine, 
arginine, asparagine, aspartic acid, cysteine, cystine, glutamic acid, histidine, 5- 
hydroxylysine. 4-hydroxyproline, isoleucine, leucine, lysine, methionine, 
phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine, a-aminoadipic 
acid, a-amino-n-butyric acid, 3,4-dihydroxyphenylalanine, homoserine, a- 
methylserine, ornithine, pipecolic acid, and thyroxine. 

In natural alpha-amino acid side chains which contain functional substituents, for 
example amino, carboxyl, hydroxy, mercapto, guanidyl, imidazolyl, or indolyl 
groups as in arginine, lysine, glutamic acid, aspartic acid, tryptophan, histidine. 
serine, threonine, tyrosine, and. cysteine, such functional substituents may optionally 
be protected. 



Likewise, in the side chains of non-natural alpha amino acids which contain 
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functlonaUubstituents 

imidazolyl, or indolyl groups, such fiihctional substituents may optionally be ' - 
protected. ■• • ' \ :'• 

; The term "protected" when^u 

r a natural or npn-riatural alpha-amino acid mea^^ 
■- ;substituent which is substantially 

Greene and P. G.^Wuts "Protective Groups in Organic Syhthe^i^^^ ^ 
V Wilisy. New:York. 1991 reviews 4he subject. For exa^ 

^/: esterified (for example as a 0,^0^ alkyi ester), amino groups may be converted to : - 
■y. amides (for example as a NHCOQ^Ce alkyr amide) or carbamates (for example as - 
: . ^ari NHC(=0)OC,-Ce alkyi or NHG(=0)OCH,Ph carbamate), hydroxy! gi^ups may b^ - 

cipnyerted to ethers (for example an pc,-C, alkyi or a 0(C,-Ce alkyl)phenyl ether) or 
' esters (for example a OC(=0)C,-Ce ^Ikyl ester) and thiol groups may be converted; to 

^t^^ioethers (for example a tert-butyl or benzyl thioether)b 
, SC(=0)Gi-b6 alkyI thioester .. , • • / . . . . ' r' 

. jTh^e are several ac^tualor po^^^ 

, . the inverrtion because of the presence of asymmetric iafbon atoms; The presence . 
. of several asymmetric barbon atoms gives rise to a number of diastereoisomers witb 
. R or S stereochemistry at each chirar centre. The invention ihdudes ^11 such ' 
\ diastereoisbmers and mixtures thereof. Currents 

, of the carbon atom carrying the R, group is R; that of thecart)on atpm carryihgthe 
Re group (when asymmetrk:) is S; andthMof the carbon atom ca^^ 
(when asymmetric) is R. , " " 

In the compounds of formula (I) as defined above for use accordihg to the invention, 
and in the novel compounds of the invention of formula (II) as defined above (but 
subject to the provisos therein): - . 

R, may be. for example, hydrogen, methyl, or trifuoromethyl. Hydrogen is currently ' 
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preferred. 

R2 may be, for exarhple: 

optionally substituted C.-C^ alkyl. Ca-Cg alkenyl, Cg-Ce alkynyl or cycloalkyi; 

phenyl(C,-Ce alky!)-, phenyl(C3-Cs alkenyl)- or phenyKCa-Ce alkynyl)- 
optionally substituted in the phenyl, ring; 

cydoalkyl(C, -Ce alkyl)-, cycloalkyKCa-Cg alkenyl)- or cydoalkyKCg-Ce alkynyl)- 
optionally substituted in the cycloalkyi ring; . . 

heterocyclyl(Ci-Ce alkyl)-, heterocyclyKCg-Cg alkenyl)- or heterocydyKCa-Ce 
alkynyl)- optionally substituted in the heterocydyl ring; or 

CH3(CH2)pO(CH2),- or CH3(CH2)pS(CH2),-, wherein p is 0. 1. 2 or 3 and q.is 1. 
2 or 3. 

Specific examples of Rj groups indude 

methyl, ethyl, n- and iso-propyl, n- and iso-butyl, n-pentyl. iso-pentyl 3-methyl- 
but-1-yl, n-hexyl, n-heptyl, n-acetyl, n-6ctyl, methylsulfanylethyl, 
ethylsulfanylmethyl, 2-methoxyethyl. 2-ethoxyethyl, 2-ethoxymethyi, 3- 
hydroxypropyl, allyl. 3-phenylprop-3-en-1-yl, prop-2-yn-1-yl, 3-phenylprop-2- 
yn-1-yl, 3-(2-chlorophenyl)prop-2-yn-1-yl, but-2-yn-1-yl, cyclopentyl, 
cyclohexyl, cyclopentyimethyl, cyclopentylethyl, cydopentylpropyl, 
cydohexylmethyl, cydohexylethyl, cyclohexylpropyl. furan-2-ylmethyl, furan-3- 
methyl, tetrahydrofuran-2-ylmethyl. tetrahydrofuran-2-ylmethyl, 
piperidinylmethyl, phenylpropyl, 4-chlorophenylpropyl, 4-methylphenylpropyl, 
4-methoxyphenylpropyl, benzyl,. 4-chlorobenzyl,. 4-methylbenzyl, and 4- 
methpxybenzyl. 



Presently preferred groups at R2 are n-propyl, nybutyl, n-pentyl, benzyl and 
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cyclopentylmethyl. 



In the case of R3, hydrogen is presently preferred. 

R4'may be, for example 

. the characterising group of a natural a amino acid, for example benzyl, or 4- 
methoxyphenylmethyl. in which any functional group may be protected, any 
amino group may be acylated and any carboxyl group present may be . 
amidated; or 

a group -[AlkJ^Rg where Alk is a (C,-C6)alkylene or (C2-C6)alkenylene group 
' . optionally intermpted by one or more -0-, or -S- atoms or -N(R,2)- groups 
[where R,^ is a hydrogen atom or a (CrCe)alkyl group], n is 0 or 1. and Rg is 
hydrogen or an optionally substituted phenyl, aryl. heterocyclyl, cycloalkyi or 
cycloalkenyl group or (only when n 1 ) Rg may additionally be hydroxy, 
mercaptb. (C,-C6)alkylthio, amino, halo, trifluoroniethyl, nitro, -COOH,- 
CONH2. -CO0R^ -NHCORA. -CONMR^, -NHR'^. -NR*R«. or -CONRW 
wherein R'^ and R^ are independently a (Ci-C6)alkyl group; or . 

a benzyl group substituted in the phenyl ring by a group of formula - 
OCHsCORg where Rg is hydroxyl, amino, (C,-C6)alkoxy, phenyl(C,-C6)alkoxy. 
(Ci-C6)alkylamino. di((Ci-C6)alkyl)ahiino. phenyl(Ci-G6)alkylamino; or 

a heteroGyclic(C,-C6)alkyl group, either being unsubstituted or mono- or dl- 
substituted in the heterocyclic ring with halo; nitro, carboxy , (C, -C6)alkoxy. 
cyano, (C,-C6)alkanoyl, trifluoromethyl (C,-C6)alkyl. hydroxy, formyi. amino, 
. (Ci-C6)alkylamino. di-(C,-Ce)alkylanriino. mercapto. (C,-C6)alkylthio. 
hydroxy(Ci-C6)alkyl. mercapto(C,-C6)alkyl or (C,-C6)alkylphenylmethyl; or 

a group -CR-R^R^ in which: 
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each of R,, and R^ is independently hydrogen, (C,-C6)alkyl, (Cj- 
Cs)alkenyl, (C2-C6)alkynyl. phenyl(Ci-Ce)alkyl. (C3-C8)cycloalkyl; or 

Rc is hydrogen and R3 and R^ are Independently phenyl or heteroaryl 
such as pyridyl; or . 

Ro is hydrogen. (Ci-Ce)alkyl. (C2-Ca)alkenyl, (C2-C6)alkynyl. phenyl(C,- 
Ce)alkyl, or (C3-C3)cycloalkyl, and R, and R^ together with the carbon 

atom to which they are attached form a 3 to 8 mennbered cycloalkyi or 
a 5- to 6-membered heterocyclic ring; or 

Ra. Rft and R^ together with the carbon atom to which they are attached 
form a tricyclic ring (for example adamantyl); or 

Ra and R^ are each independently (Ci-C6)alkyl, (C2-C6)alkenyl, (Cg- ^ 
C6)alkynyl, pheriyl(C,-C6)alkyl, or a group as defined for R^ b^low other ^ 
than hydrogen, or and Rt, together with the carbon atom to which 
they are attached form a cycloalkyi or heterocyclic ring, and R^, is 
hydrogen, -OH, -SH, halogen, -CN, -CO2H, (C,-C4)perfluoroalkyl, - 
. CH2OH, -C02{C,-Ce)alkyl, -©(CrCgjalkyl, ..0(C2-C6)alkenyl. -S{Cr 
C6)alkyl. -SO(C,-Ce)alkyl. -S02(C,-C6) alkyl. -S(C2-C6)alkenyl, -S6(C2- 
Ce)alkenyl. -S02(C2-C6)alkenyl or a group -Q-W wherein Q represents 
a bond or -0-, -S-, -SO- or -SO2- and W represents a phenyl, 
phenylalkyi, (C3-e8)cycloalkyl, (C3-C8)cycloalkyIalkyl. (C4- 
C8)cycloalkenyl, {C4-C8)cycloalkenylalkyl, heteroaryl or heteroarylalkyi 
group, which group W may optionally be substituted by one or more 
substituents independently selected from, hydroxyl, halogen, -CN, - 
CO2H, -C02(Ci-C5)alkyl. -CONH2, -C0NH(CrC6)alkyl. -CONH(C,- 
C6alkyl)2, -CHO. -CH2OH. (Ci-C4)perfluoroalkyl, :0(C,-C6)alkyl, -S(C,- 
C6)alkyl. -SO(C,-C6)alkyl, -S02(C,-C6)alkyl. ^N02. -NH2, -NH(C,-^ 
C6)alkyl. -N((C,-C6)alkyl)2. -NHCO(C,-C6)alkyl. (C,-C6)alkyl. (C2- 
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C6)alkenyl, (C2-C6)alkyh^^^ 
phenyl or benzyl. " 

Examples of particular groups include methyl, ethyl, benzyl, 4- 
: ^'^'orbbenzyl, 4-hydroxybenz^ 

3-ylmethyl, tert-butoxymethyi, naphthylmethyl- Iso-butyl. sec-butyl, tert-butyl. • 
iTbenzylthlo-1.methylethyl/1-m6thylthra^^^^^ l-mercajito-l- 
/ f"®*fiy'®tfiy'. 1;methoxy-1-methylethyr,.l-^^ 

methyjethyl, hydroxym^thyl, 2-hydroxethyl, 2-carboxy6^^^^^ . ^^ ^ 

methylcarbamoylethyl.2-carbamoyleth^^^ 
V . preferred Re groups include tert-butyl, iso-butyl, benzyl and methyl. . 

R3 and when taken tpgethei- with the nitrogen and.parbpri atoms to which they are 
■ respectively attached may form an optionally sutetituted saturated heter^^^^^^ 
of 5 to 8 atoms. For example; Raand R4 nlay form a bridge betwe^ ' 
and carbon atoms to which they are attached, said bridgfe being represented by t^ 
divalent radical -(CH^^-; or -m2)rQ-(CH^i-;pr^HM(^^ wherein r apd s ■ 
are each iridependently .l , 2 or 3 with the piioviso that r-i-s = 2, 3, 4, or 5. 

Rg and Re may independently be. for example, hydrogen, methyl, ethyl, tert.butyl. ' • 
cyclopentyl. cyclohexyl, 1.1 .3,3-tetramethylbutyl,benzyl,; oi^ 2-hydroxyethyl; br R^^^^^ ^ 
Re when taken together with the nitrogen atom to vyhich they are attkhed may for^^ 
a saturated 5- to 8-mennbered. monpcyclic N-heterocyclic ring which is attached via 
the N^tom and which optiphailyc^^ is hydrpgbn or CrGg T 

alkyl. benzyl, acyl, or an amino protecting group, O. S. SO or SO2 as a ring member, 
and/or is bptionally substituted on one or more C atoms by hydr 
hydroxy(C,-C6 alkyl)-; C-Cg alkoxy. 0x0, ketalised 0x0, amino. mono(e,-C6 
alkyl)amino. di(C,-C6 alkyl)amino, carboxy. CrCg alkoxycarbonyl, hydroxymethyl. C,- 
Cg alkoxymethyl, carbamoyl, mono(C,-C6 alkyl)carbamoyl. di(C,-Ce aikyl)carba.moyr. 
or hydroxyirhino. _ . 

Examples of such rings are substituted or unsubstituted 1 -pyrrolidinyl. 
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piperidin-1-yl, l-piperazinyl, hexahydro-1-pyridazinyl, morpholin-4-yl, 
tetrahydro-1 ,4-thia2in-4-yl, tetrahydro-1 .4-thiazin-4-yl 1 -oxide, tetrahydro-1 ,4- 
thia2in-4-yl 1,1 -dioxide, hexaiiydroazipino, or octahydroazocino. Substituted 
examples of the foregoing are 2-(methylcarbamoyl)-1-pyrrolidinyl, 2- 
(hydroxymethyl)-l-pyrrolidinyl, 4-hydroxypiperidino, 2- 
(methylcarbamoyl)pjperidino. 4-hydroxyiminopiperidlno, 4-methoxypiperidino, 
4-methylpiperidin-1yl. 4-benzylpiperidin-1-yl, 4-acetylpiperidin-1-yl,4-methyl-1- 
piperazinyl, 4-phenyl-1:-piperazinyl, 1 ,4-dioxa-8-azaspiro(4,5]decan-8-yl, 
hexahydro-3-(methylcarbamoyl)-2-pyridazinyl, and hexahydro-1- ■ ■-. 
(benzyloxycarbonyl)-2-pyridazinyl. decahydroisoquinolin-2-yl. and 1 ,2,3,4- 
tetrahydroi50c|uinolih-2-yl. 

When A is a group .of formula (lA), it is currently preferred that Rg be rhethyl or 
hydrogen, and Rq be methyl. 

R7 may be, for example, hydrogen, or a group R2oC(p)- where Rjo is a (Ci-C6)alkyl 
group such as methyl or ethyl. 

Specific examples of compounds useful as antibacterial agents in accordance with 
the invention include those of the specific Examples herein. Preferred novel 
compounds of the invention include 

2R (orSH(Formyl-hydroxy-amino)-methyl]-hexanoic acid (1S- 
dirnethylcarbarnoyl-ethyl)-amide and . 

2R (or S)-[(Formyl-hydroxy-amino)-methyl]-3-cyclopentyl-propionic acid (1S- 
dimethyI-carbamoyl-2,2-dimethyl-propyl)-amide 



and their pharmaceutically and veterinarily acceptable salts. 
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Compounds with which the invention is concerned the. invention may be prepared by 
deprotecting an. O-protected N-formyUN-hydroxyaminb compound of formula (II): 




A • 



(II) 



In which R,. R2, and A are as defined in general fomigja (O-and R^s is a-hydroxy ■ 
prdtecting group removable to leave a hydroxy group.:b^^ 

hydrolysisi Benzyl is a preferrecJ R25 graup for removal by hydrogenolysis. and tert^ 
butyl and tetrahydropyranyl are prefen:ed groups.for removal by acid hydrolysis - 
Compounds of formula (II) wherein A is a group of fomiula (lA). (IB). (IC) or (ID) may 
be prepared by causing an acid of formula (III) or an activated denVative thereof to 
reactwithanamineofforrnula(IVA),(IVB).(IVC)or(l^^^^^ , 




>OH 



(III) 






HNRgRg 



(IVA). 



(IVB) 



(IVC) 



(IVD) 
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wherein R, Rj, Rj; R4, Rg, Rg and R7 are as defined in general formula (I) except that 
the -OH group In (IVB) and any substituents in R^ Rj. R3, R4. Rg, Rg and R7 which are 
potentially reactive in the coupling reaction niay themselves be protected frorri such 
[•eaction, and R25 is as defined in relation to formula (II) above, and optionally 
removing protecting groups from the -OH group in (IVB) and R^ Rj, R3, R4, Rg, Rg 
and R7. 

Compounds of formula (III) may be prepared by N-formylation, for example using 
acetic anhydride and forniic acid, or l-formylbenzotriazole. of compounds of formula 

OR25 pj 
HN^A^^^X (V) 

R, O 

wherein R,, Rj-and R25 are as defined in relation to formula (II) and X is either a 
chiral auxiliary or an ORje group wherein Rae is hydrogen or a hydroxy protecting 
group. In the case where X is an ORjg group or a chiral auxiliary the hydroxy 
protecting group or auxiliary is removed after the formylation step to provide the 
compound of formula (V). Suitable chiral auxiliaries include substituted 
oxazblidindnes which rhay be removed by hydrolysis in the presence of base. 

In an alternative procedure compounds of general formula (II) may be prepared by 
N-fomiylation, for example using acetic anhydride and formic acid, or 1 - 
fqrmylbenzotriazole, of compounds of formula (VI) 
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wherein. Ri, R2, F^js.an.f^ A are . 

Compounds of formula (VI): whefeih A is a group of formula (lA). (IB). (IC) or;(ID) 
may be prepared by causing acid pf general formula (ViO d^^ . 
derivative thereof ; ' % . ' 



HN^ X- - OH 




(VII). 



yvherein R,. R2 and Rjs.^re as defined; In rdation to formula react With an 
amine Qffomiula (!VA), (l^^^^ respectively as defined above. • 

Alternatively compounds of genera 

bxjrfte of generar formula ^^^^^^ ' ; * - 




(VIII) 



■ Reducing agents include ce|taih metai, hydrides (e.^ s cyanoborohydride in 

acetic acid, triethylsilane or borane /^^^ 
: isuitable catalyst- K." " ^ ' 

In an alternative procedure compounds of . genei-al forrnula (II) Wherein R, and Rjare 
as defined in general fonDula (I). R25 is a hydroxy protecting group as defined above 
and A is a group of formula- (lA) wherein R3. R,. R, are as defined in general fomiula 
(lA) and is hydrogen may be. prepared by a.4-comp6nent Ugi reaction of 
caiUdxyllc acid of general formula (III) as defined above, an amine of formula (IX). 
an aldehyde of formula (X) and an isonitrile of formula (XI) 
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' R-NH^ (IX) 

f^r9^o (X) 

R-CN (XI) 
wherein R3. R4 and Rg are as defined above. 

A compound of general formula (V) may be prepared by reduction of an oxime of 
general formula (XI) 




wherein R^. Rg, and Rjs are as defined above, and X is either an ORje group as 
defined above or a chiral auxiliary. Reducing agents include certain metal hydrides 
(eg sodium cyanoborohydride in acetic acid, triethylsiiane or borane/pyridlne) and 
hydrogen In the presence of a suitable catalyst. Following the reduction when the 
group X is a chiral auxiliary it may be optionally converted to a ORje group. 

A compound of general formula (XI) can be prepared by reaction of a p-keto 
carbonyl compound of general formula (XII) 




wherein R,, Rj, and X are as defined above, with an O-protected hydroxylamine. 

^(5=l<eton:'aTboTiyli:omp'ounds^(XII)~may-b"e~pre^^^ 

. acylation of a carbonyl compound of general fonnula (XIII) 
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(XIII) 



wherein R2 and X are as defined above, with a compound of general formula (XIV) 

(XIV) 




Ri 



wherein Ri is as defined above and Z is a leaving group such as halogen or alkoxy, 
in the presence of a base. 

Another method for the preparation of a compound of general fomiula (V) is by 
Michael addition of a hydrpxylamine derivative to a.p-unsaturated carbonyl 
compounds of general formula (XV) ,. • 




(XV) 



wherein R,, Rj. and X are as defined above. Following the Michael addition reaction, 
vyhen the group X is a chiral auxiliary it may be optionally converted to a OR26 group. 
The a.p-unsaturated carbonyl compounds (XV) may be prepared by standard 
methods. 

Salts of the compounds of the invention include physiologically acceptable acid 
addition salts for example hydrochlorides, hydrobromides, sulphates, methane 
sulphonates, p-toluenesulphonates. phosphates, acetates, citrates, succinates, 
lactates, tartrates, fumarates and maleates. Salts may also be formed with bases, • 
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for example sodium, potassium, magnesium, and calcium salts. 



Compositions with which the invention is concemed may be prepared for 
administration by any route consistent with the pharmacokinetic properties of the 
active ingredient(s). 

Orally administrable compositions may be in the form of tablets, capsules, powders, 
granules, lozenges, liquid or gel preparations, such as oral, topical, or sterile 
parenteral solutions or suspensions. Tablets and capsules for oral administration 
may be in unit dose presentation form, and may contain conventional excipients 
such as binding agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, or 
polyvinyl-pyrrolldone; fillers for exahiple lactose, sugar, maize-starch, calcium 
phosphate, sorbitol or glycine; tabletting lubricant, for example magnesium stearate, 
talc, polyethylene glycol or silica; disintegrants for example potato starch, or 
acceptable wetting agents such as sodium lauryl sulphate. The tablets may be 
coated according to , methods well known in normal pharmaceutical practice. Oral 
liquid preparations may be in the form of, for example, aqueous or oily suspensions, 
solutions, emulsions, syrups or elixirs, or may be presented as a dry product for 
reconstltution with water or other suitable vehicle before use. Such liquid 
preparations may contain conventional additives such as suspending agents, for 
example sorbitol, syrup, methyl cellulose, glucose syrup, gelatin hydrogenated 
edible fats; emulsifying agents, for exampje lecithin, sorbitan monooleate, or acacia; 
non-aqueous vehicles (which may include edible oils), for example almond oil, 
fractionated coconut oil, oily esters such as glycerine, propylene glycol or ethyl 
alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic 
acid, and if desired conventional flavouring or colouring agents. 

For topical application to the skin, the active ingredient(s) may be made up into a 
cream, lotion or ointment. Cream or ointment formulations which may be used for 
thecirug are conventionarformulations well knownin the artrfor example-as— — — — 
described in standard textbooks of pharmaceutics such as the British . 



wo 99/39704 ^ ^ ' 

Pharmacopoeia. - , / ' . ; ~. . 

The active ingredierit(s) may also be admm^^^^^ 

Depending on the vehicle and conbentration used, the drug can either be suspended 
or dissolved in the vehicle. Advantageously; adjuvants such as a local ana^thkic. 
preservative and buffering agents can be dissolved in the vehicle. Intra-venous 
infusion is another route of administration for the^cbmpounds used in acconjance " 
with the invention. ■ ^ V * 

: Safe and effective dosages for differeht classes of patient and for different disease: • ■ 
- .state? will be determined by clinical tnal as is required in the art. It will be understood 
that the specific dose level for any particular patient Will depend upon a variety of 
factors including the activity of the specific compound ^employed, the age. body : . 
weight, general health, sex. diet.:time of adrriinistration. rbuteof administr^tiori. rate^^ 
of excretion, drug combination and the severity of the^ particular diseg^^^ 
■ .therapyV'- ; . ■• -v';-.;,-'- ; • y" ' •.':.'/..". '. 

The finding that compounds with PDF Inhibitory activity can inhibit or ^f^^^ 
bacterial growth, opens up; a novel approach foridentifylng riew antibacterial agents^ ■ 
by screening -test compduhds for activity as inhibitors of PDF /n vitro, followed by ^ 

• : confirmation of their antibacterial ability using bacterial growth inhibition studies. This- 
finding also makes available (i) the use of compounds with PDF inhit)itory activity as ' 
antibacterial agents, and (ii) a method for the treatrnent of bacterial: infbctio^ or i : ' 

• coritamination by Applying or administering a ^bmp«>urid WhiSh Inhibits the Activity of 
bacterial PDF. . v . ' * ... 

According to a further aspect of the invention therefore, there is provided a method ■ 
for the identification of antibacterial compounds, comprising screening test 
compounds for their ability to inhibit PDF in vitro, selecting those compounds which 

exhibit said ability and testing these for their ability to inhibit bacterial growth. The 
ability to inhibit bacteriat growth can be performed using classical plate or broth 
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culture bacterial growth inhibition studies, such as those performed in the Biological 
Examples herein. 

A suitable in vitro PDF inhibition screen may comprise mixing together PDF, a PDF 
substrate, preferably, labelled with a detectable marker, and the test compound and 
assessing after a suitable length of time whether or not the presence of the test 
compound inhibits the ability of PDF to deformylate the substrate. 

In a preferred embodiment, the cleaved substrate is detected with a fluorogenic 
marker such as fluorescamine. On removal of the formyl group from the N-terminal 
methionine of the PDF substrate, the free amino group reacts with fluorescamine 
generating a fluorescent product. 

An altemative screen involves assessing whether a protein expressed by bacteria 
that express endogenous (or recombinantly expressed) PDF, when grown in the 
presence of a test compound, yields suitable substrate for N-terminal sequencing, or 
yields a lesser amount of substrate, than protein expressed from the same bacteria 
grown in the absence of the test compound. Such a method could be based on that 
used -in the Biological Examples herein. 

The person skilled in the art will be able to develop, without inventive input, 
alternative methods for screening test compounds for their ability to inhibit bacterial 
PDF, 

The natural antibiotic actinonin (see for example J.C.S Perkin I. 1975, 819) is a 
hydroxamic acid derivative of Structure (A): 




SH2OH 



Jn addition to actinonin. various structural analogues of actjnohiri have also been 
shown to have antibacterial activity (see for example BroughtoH et al. (Devlin et al. 
Journal of the Chemical Society/ Perkin T^^^ 

Broughton et al. jpurnal of the Chemical Society .Perkin Transactions 1 (9):857-860 

■1975_)--- - ; . ,, ■ ;■ . -- v..-..: ;. , ' 

To date, however, the mechanism underlying the antibacterial activity of ictinonin - . 
has not been known. The present, inventors have found that actinonin inhibits the 
activity of bacterial PDF. , - 

The mallystatin group of cp.mpounds,share a 

actinonin. Both are peptidic rholecules with functional hydroxamic acid metal binding 
groups (Ogita et al.. J- Antibiotics. 45(1 1):1723-1732; Tanzawa et ah 
45(1 1 ): 1733-1 737: Hamyama et al., J. Antibiotics. 47(1 2): 1473-1 480; Tamaki et al , ■ 
J. Antibiotics. 47(12):1481-1492). The matlystatins and their Close structural 
analogues are characterised by the presence in the molecule of a divalent piperazin-i; 
Srdiyl group, i.e. . ' ' . , 




. In yiew: of their close structural similarity to actinonin, 
inhibits PDF implies that matlystatin compounds may also inhibit PDF. 

According to a further aspect of the present invention there is provided the use of a 
compound which inhibits the activity of bacterial PDF, in the preparation of an 
antibacterial composition or agent, provided that (i) the compound is not of fomiula 
(XI) . 
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RCO-CH(W)-NH-CO-CH(Y)-CH2-CO-NH-OH (XI) 
wherein, • 

(a) R is a cyclic amino group, W is hydrogen, methyl, isopropyl, isobutyl or 
benzyl, and Y is hydrogen, C,-Cs alkyi, phenyl, benzyl, 4-chlorophenylmethyl. 4- 
nitrophenylmethyl, or4-aminophenylmethyi; or, 

(b) R is 2-pyridylamino or 2-thiazolylamino, W Is isopropyl and Y is n-pentyl; or, 

(c) R is diethylamino, W is methyl or isopropyl and Y is n-pentyl; 

or (ii) the compound is not one containing a divalent piperazin-l , 6-dlyl group, i.e. a 
group of formula (XII): 




(XII) 



According to a further aspect of the invention there is provided a method of treating •; 
bacterial infection or contamination by administering to a patient suffering such 
infection or contamination, or applying to the site of such infection or contamination, 
an antibacterially effective amount of a corripound which inhibits the activity of 
bacterial PDF enzyme, provided that the compound is riot one provided in the 
provisos in the immediately preceeding paragraph. 

These provisos exclude actinonin and its antibacterially active analogues as 
disclosed in Devlin et al., Journal of the Chemical Society. Perkin Transactions 1 
(9):830-841 , 1975 and Broughton et al. Journal of the Chemical Society. Perkin 
Transactions 1 (9):857-860. 1975. and the matlystatin compounds disclosed in Ogita 
et al.. J. Antibiotics. 45(1 1):1 723-1 732; Tanzawa et al., J. Antibiotics/45(11):1733- 
1737; Haruyama et al.. J. Antibiotics. 47(1 2): 1473-1 480 and Tamaki et al., J. 
Antibiotics. 47(12):1481-1492. 



The following examples illustrate embodiments of the invention. 
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L-fert^Leucine-N-methylamide and, Lrfert.leucine-N .N-djmethylamlde and other 
amino acid derivatives were prepared according to established literature methods. 

The following abbreviations have been used 



DMF 

EDC 

HOAt 

HOBt 

HPLC 

LRMS 

TLC 



N,N-Dimethyiformamide ' , ; . 

N-EthYl^N"-(3.dlmethylanriinopropyl)carbodiimide hydrochloride 

1-Hydroxy-7-aza-benzotria2ble . - 
, . 1-Hydroxybenzotriazole 

.;High performance liquid chromatography 

Low. resolution mass spectrometry ' : ^ - • 

Thin.laVer chromatography ; ,. v . ' 



and '^C NMR spectra were recorded ^ using a Brtiker AC 250E spectrometer at 
250.1 and 62.9 MHz, respectively. Mas? Spectra were obtained using a Perkin 
Elmer Sciex API 165 spectrometer using both positive and negative Ion modes. - 
Infra-red spectra were recorded on a Perkin Elmer PE160Q FTIR spectrometer. 



-2R (br:SH(Fdrmyl-hydroxy-amino)-methyl]-hexanoic a 
carbamoyl-propyl )-arnide . . /' . ' 




The title compound was prepared according to the route outlined in Scheme 1 and 
as described in detail below: 
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STEP A; 2-Butyl-acrylic acid 

Butylnrialonic acid (259. 156 mmol) was dissolved in ethanol (250 ml) and 37% 
formaldehyde solution (1 5.45 ml. 1 56 mmol) was added followed by piperidine (47 
ml. 624 mmol). The mixture was stirred overnight at 80°C under a reflux condenser. 
The solvents were removed under reduced pressure and the residue was diluted 

with 1M hydrochloric acid and extracted with dichloromethane (3x30 ml). The 
combined organic extracts were washed with brine, dried over anhydrous 
magnesium sulfate, filtered and evaporated to afford the desired product as a yellow 
oil (25 g. with residual solvent). ^H-NMR: 6 (CDCy. 10.04 (1H. brs). 6.22 (1H, s). 
5.57 (1H. d. J = 1:3 Hz). 2.30 (2H. t. J = 6.9 Hz). 1.38 (4H, m). and 0.91 (3H t j =' 
7:2 Hz). 

STEP B:2RS-(Benzyloxy-amino-methyl)-hexanoic acid . 

A mixture of 2-butyl.acrylic acid (3.43 g. 27.1 mmol) and O-benzylhydroxylamine (5 
g. 40.65 mmol) were heated at 80°C overnight. The mixture was cooled to room 
temperature, diluted with ethyl acetate (40 ml), and washed with 1 M hydrochloric 
acid (3x20 ml), saturated sodium hydrogen carbonate solution (2x20 ml) and brine 
(2x20 ml), dried over anhydrous magnesium sulfate, filtered and evaporated to leave 
the title compound as a white solid (2.62 g. 39%): 'H-NMR: 5 (CDCI3); 8.05 (1H. br 
s). 7.35 (5H. m). 5.00 (2H. m). 3.28 (2H. m). 2.98 1H. m). 1,31 (6H. m> and 0.88'(3H 
t. J = 5.0 Hz). . 

Step C: 2RS-[(Benzyloxy-formyl-amino)-methyl]lhexanoic acid 

2RS-(B^nzyloxyamino-methyl)-hexanoic acid (2.62 g. 10.51 mmol) was dissolved in 
formic acid (4 ml. 105 mmol) and acetic anhydride (1.9 ml. 21.02 mmol) and stirred 
overnight at room temperature. The solution was diluted with ethyl acetate (40 ml), 
washed with water (2x20 ml), saturated sodium hydrogen carbonate solution (20 ml) 
and brine (20 ml), dried over anhydrous magnesium sulfate, filtered and evaporate 
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to leave the desired product as a yellow oil (2.9 g, 99%). ^H-NMR: 5 (CDCI3, 
rotamers). 8.21 (0.5H. s)..8.14 (0.5H. s). 7.37 (5H. m), 4.98 (2H. m). 3.86 (1H. m). 
3.27 (0.5H. dd. J = 6.0, 14.0 Hz). 2.93 (0.5H. m). 2.77 (1H. m), 1.50 (2H. m). 1.30 
(4H, m) and 0.88 (3H, fTi)! . • 

STEP D: 2RS-[(Benzyloxy-formyl-aminp)-methyl]-hexanoic acid pentafluorbphenyl 
.ester .. • . 

2RS-((Benzyloxy-formyl-amino)-methyl]-hexanoic acid (30.72 g. 1 10 mmol) and 
penta-fluorophenol (26.31 g, 143 mmol) were dissolved in dichlorornethane (150 ml) 
and the solution was stirred and cooled in an ice bath during addition of EDC (25.3 
g, 131 mmol). The reaction mixture was allowed to warm to room temperature and 
stirred overnight. The solution was washed successively with 1 M hydrochloric acid 
(2x50 ml), 0.5M sodium carbonate (2x50 ml) and brine (50 ml), dried over anhydrous 
magnesium sulfate and filtered. The filtrate was evaporated under reduced pressure 
and the residue was purified by flash chromatography (silica gel. dichlorornethane) ^ 
to afford the title compound as a colourless oil (15.0 g, 31%). ^H-NMR: 6 (CDCI3, V 
rotamers). 8.17 (1H. br s), 7.37 (5H. m), 4.95 - 4.70 (2H. br m). 4.10 - 3.75 (2H. br 
m), 3.10 (1H, br s). 1.88 - 1 .55 (2H. m), 1.39 (4H. m) and 0.92 (3H. t. J = 7.0 Hz). * 

^'^^P E' 2R (or S)-[(Benzyloxy-formyl-amino)-methyl]-hexanoic acid-(2.2-dimethyl-1- 
methyl-carbamoyl-propyl)-amide 

2RS-[(Benzyloxy-fomiyl-amino)-methyl]-hexanoic acid pentafluorbphenyl ester (5 g. 
11 minfiol) and fert-jeucine N-methylamide (1.62 g, 11 mmol) were dissolved in DMF 
(60 ml) and the mixture was stin-ed overnight at 35 "C. The solvent was removed 
under reduced pressure and the residue was redissolved in dichloromethane. The 
solution was washed successively with 0.5 M sodium carbonate. 1 .0 M hydrochloric 
acid and brine, dried over anhydrous magnesium sulfate and filtered: The two 
diastereoisomeric products were separated by flash chromatography (silicagel^ — 
gradient elution with 30% to 0% hexane in ethyl acetate). Diastereoisomer A (higher 
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. R,):;H-NMR: 6 {CDCI3. rptamers), 8:12. 7:67 (1>l;ibr 3); 7.27 (5H; m). 6:2^ (1H. d/ 
, J - 8.7.H2). 5.78 (1 H. br s). 4.91 - 4.60 (2H. br ni). 4. 1 5 (1 H, d. J = 9.2 Hz). 3 75 
(2H br m). 2.79 (SH^d. J = 4.8 Hz). 2.56 (1H,m); 1:60 -1:35 (2H, br m) 1 24 (4H • 
ni).0.96 (9H. s) and-0.86 (3H. t. J ^ 6.7 Hz). Diastereoisomer B (lower R;)-H.nmr- 
5.(GDCl3. rotamers). 8.16. 7.88 (1H. 2br s). 7.27 (5H. m). 6.28 (1H. d. j = 8.9 Hz)- 
5TG-,5.44(1H.br:s),:4.98-4.61 (2H.brm). 4:t4(lHd; J 

(2H. br m)..2.85 - 2.60 (3H. br m). 2.47 (1H. m). 1 ;72..1;25<6H. br m). 0.98 (9H s\. 
and 0.88 (3Hvt. J = 6:7 Hz): \ : : ; . ; ' '.:/>^\ /■■''■.[■■■'''''"■ '■■ 

■.STEPF:2R(prSH(Form^^^ 
methylcarbamoyl-propyl)-^ 

2.[(Benzyloxy-fbrmyl-imino)-methyl]-h6^^ : : : 

methylcarbamoyl-propyO-amide (diastereoisomer A) (t^^^^^ 

in.a mixture of ethyl acetate (20 ml) and ethanol (1 ml) and trie solution was placed • 
under an argon atmosphere- 10% palladium on charcoal y'.l 
streanr, of hydrogen gas was bubW^^ 

:: analysis reyedled that all the starting materiai:had been cdn^umfe^ leaving a niore ' ' 
polar, ferric chloride positive species: The system v^^s fl^ { 
removing the catalyst by flltratlpn: The filtrate was evaporated to dryness to leave - ; 
the title compound as an df^white foam (81 0 mg,; including residual solvent). ^H- " v 
NMR: 6 ((003)380; rotamers), 9.81. 9.41 (1H. 2br.s). 7:82 - 7:60 (3H. rti). 4;04 <1Hf ^ 

. d.;J = 9.3 Hz). 3.50 - 3.02 (?H. m). 2.87 - 2.60 (1 K m). 2;4l (Sh'^ ' J = 4^5 Hz> V 
r-0.93 6H. m). 0.75 (9H. S) and 0.67 (3H.J..J^^ 5.7 Hz),: -c-NM^^ 
172,5. 1 70.2. 1 57.5. 59.9. 42.8. 33.3. 29.0,28,4. 28:2. 26,4. 24.8. 21 .7 and 1 3.3! IR ^ 

(KBrdisc).,Vrt3, 3309, 2959. 2873. 1646 arid 1540^^^^ ' 

2-[(Benzyloxy-formy|.amino)-methyl]-hexanoic acid-(2.2-dimethy|.i. 
methylcarbamoyl-propyD-amide (diastereoisomer 8) (1 .0 g. 2.5 mmol) was similarly 
deprotected to give diastereoisomer B of the title compound (740 mg. 97o/„). 'h- 
NMR: 6 ((CD3),SO. rotamers). 9-75. 9.30 (1H. 2brs). 7.81 - 7.42 (3H, m). 4.04 (1 H 
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d, J = 9.5 Hz), 3.53 - 3.02 (2H. m), 2.80 - 2.55 (1H, m). 2.41 (3H..d. J = 4.5 Hz). 1.33 
- 0.82 (6H, m). 0.72 (9H. s) and 0.67 (3H. t. J = 6.7 Hz). -'='C-NMR: 6 ((CD3)2SO). 
172.6. 170.4. 161.7. 157.0. 59.8. 34.0. 29.4, 28.6, 26.7, 25.2, 22.1 and 14.1.: IR . 
(KBr disc). v„3, 3312. 2959. 1640. .1541 . 1369 and 1240 cm-'. . 

Example 2 



2R (or S)-i(Formyl-hydroxy-amino)-methyl]-hexanoic acid-(2,2-dimethyl-1S-feft-butyl- 
carbamoyl-propyl)-amide 




the title compounds were prepared by analogy with Example 1 , using the L-tert- 
leucine-N-te/f-butylamide in place of L-terf-leucine-N-methylamide in Step E. The 
diastereojsomers were not separable by flash chromatography (silica gel. ethyl ■ 
acetate) at Step E and were converted to a mixture of the desired N-formyl 
hydroxylamine derivatives by hydrogenolysis. White solid. "C-NMR: 5 ((CD3)2SO). 
172.8, 172.5, 170.i; 169.6, 161.6. 156.9, 59.9, 59.7, 51.9, 51.7, 50.2, 49.6, 48:3, 
43.2, 43.1. 42.7. 34.2. 34.0, 29.6, 29.3, 29.2, 28.8, 28.6, 26.7, 22,2. 22.1, 20.3 and 
13.9. IR(KBr), v^^^ 3311, 2964, 1639. 1548, 1456. 1394, 1364 and 1226 cm V 

Example 3 

2R (orS)-[(Formyl-hydroxy-amino)-methyl]-hexarioic acid (1S-methyl-2-morpholln-4- 
yl-2-oxo-ethyl)-amide 
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A solution of 2RS-[(b.en2yloxy-formyl-am.no)-methyl]-hexanoic acid pentafluoro- • 
phenyl ester (Example 1, Step D) (445 mg; 1 mmol) In DMF (5 ml) was added to L 
; alanine-N-mprphdlinoamide (158 mg. 1. mm^^ in a boiling tube and stinted ai aS X - 

, overnight. DMF was removed /n v^^^^ 
: dichldrpmethane (2 ml) and passed through a purification cartridge (Isolute-NHJ 
. eluting with dichldromethane (4 ml) iri order to remove pehtafluofophenol. 
pichlorDmethane was removed under. reduced pressure and the residue was 
. redissolved. In fomiic acid (2 ml).and ethyl acetate (2 ml). The solution was then 
treated with 10% palladium bri charcoal (200 mg) and stirred at room temperature 
;:for2hours. Catalyst was removed by filtration through celite, washing well ^ 
methanol and solvents were remov^^ 

reverse phase HPLC (gradient elutipn. 10-90o/o acetOnitrile/water). ofa^^^^^^^ 
A: 'H-NMI^: .5 (CD3OP). 8.0|(0.5H,s). 7:84 (0.5H. s)!' 4.75 (1H.' 4 3.65 (8H^m) ' 
: 3.39(1H.m), 3.24(1H,dd. J-4:p. 13.2 Hz). 2.84(14. m); l:5r(2H:m); 1.34 (7H ' 
m), and 0 92 (3H. m). LRMS; -ve ion 328 {M,Hi.. Diastereoisomer B: 'H-NMR- 5 
(CD3OP).. 3^66 (8H.m). 3:41 (1H, dd: j=9:98; 13.1 Hz). 3.23 (1H, m); 2.90<0 5H > ' 
m). 2.71 (0.5H. m). 1.62.<2H; mj; 1;33 (7H, m). and 0.92 (3H. t. J=6.7Hz). LRMS- 
-ve ibri 328 [M-H]. . : .. . . ^ . " .. 

The compounds of Examples 4 to ,12 were prepared by analogy with Exampte 3 
using the appropriate amine component in place of Ualanlne-N-morpholinoamide 
Where both diasterepisomers were prepared, diastereoisomer A is the faster eluting 
and more potent against PDF in vitro. In some cases only the faster running 
diastereoisomer was taken through to the final product. 
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Example 4 

2R (or S)-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid (1 S-dimethyfcarbamoyl- 
ethyl)-amide 




Diastereoispmer A: 'H-NMR; 6 (CD3OD). 4.72 (1H, m). 3.53 (1H, dd, J=8.9. 13.0 
Hz), 3.23(1 H.m). 3.14(3H.s)i 2.95 (3H, s), 2.83 (0.5H, m). 2.74 (0.5H, m), 1.57^ 
(2H. m). 1 .33 (7H, m) and 0.92 (3H, m). LRMS; +ve ion 288 [M+H], -ve ion 286 
iM-HJ. 

Dlasteredisomer B: 'H-NIVIR; 5 (CD3OD), 4.74 (1H, m). 3.41 (1H. dd. J=9.9, 13.0 
Hz). 3.25(1H.dd. J=4.0, 13.1 Hz). 3.15(3H,s). 2.97 (3H. s), 2.89 (0.5H. m), 2.72. 
(0.5H. m), 1.53 (2H. m), 1.33 (7H. m) and 0.93 (3Hr t, J=6.7 Hz). LRIVIS: +ve ion 
310 [lyi+Na]. -ve ion 286 [M-HJ. 

2R (or S)-[(Formyl-hydroxy-amino)-methyl]-liexanoic acid (1 S-liydroxymethyl-3- 
methyl-butyl)-amide 
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OH 



Piastereoisomer Ar 'H-NMR; 6 (CD3OD): 4.07 (1H; m). 3.55 (1H; m). 3^45 (2H. m) • 
3.20 (1H. m). 2.85 (0.5H, m). 2.80 (0.5H, m)- 1.60 (3H. m). 1.35 (6H. m) and 0.93 ' . 
(9H, m). LRMS: +ve ion 289 [M+H], -ve ion 287 [M-H].- 

Diastereoisomer B:- 'H-NMR; 6 (GD3OD); 4.07 (Ih; m).-3'59 (IH - ni}, ^4S(2H;n^) 
3.24 (1 H. m). 2.70 (1 H, m),,.1 .62 (3H, m), 1 .35.(6H. m) and o:93 (9H; m). LRMS: +ve 
ion 31.r [M+Na], 289 [M+H^^^ 



2R (or S)4(Formy|.hydrGxy-amino)-m^^^ 

phenyj-ethy|)-amide • / 




Diastereoisomer A: ^H-NMR; 5 (CD3OD). 7.24 (5H. m). .4.15 (1H, m), 3.54 (2H d 
J=5..4Hz). 3.38 (1H.dd. J=7.8. 13.1 Hz). 3.14 (1H.,dd. J=4.7. 1.3.2 Hz). 2.95 (1 H ' 
dd. J=7:3. 13.7 Hz). 2.68 (2H. m). 1.58 (2H. m). 1.32 (4H. m). and 0.91 (3H. t. ^ 
J-6.7 Hz). LRIVIS: +ve ion 345 [IVl+Na], 323 [M+H]. -ve ion 321 [iVI-^^^ 
Diastereoisomer B: LRIVIS: +ve ion 345 [M+Na], 323 [iVI+H]. -ve ion 321 [IVI-H] 
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2R (or SH(Formyl-hydroxy-amino)-methyl]-hexanoic acid [2.2-dimethyl-1S-pyridin-2- 
yl-carbamoyl)-propyl]-amide 




Diastereoisomer A: colouriess oil. ^H-NMR; 5 (CD3OD), 8.34 (1H. m), 8.06 (iH, m), 
7.90 (1H. m), 7.33 (1H. m). 4.45 (1H. s). 3.55 (1H. dd, J=8.3, 13.2 Hz). 3.25 (1H. m). 
3.05 (IH, m); 1.61 (2H, m). 1.32 (4H. m), 1.11 (9H. s) and 0.85 (3H, m). LRMS: +ve 
ion 379 [IV1+H], -ve ion 377 [M-H]. 

Diastereoisomer B: colourless oil. ^H-NMR; 5 (CD3OD), 8.33 (1H. m), 8.20 (0.5H, 
m), 7.93 (IH. m). 7.41 (0.5H. m), 7.28 (IN, m). 4.48 (-1H. s), 3.52 (IH, dd. J=8.8. 
13.1 Hz), 3.23 (1H. dd. J=3.9. 13.1 Hz). 3.05 (0.5H, m). 2.87 (0.5H, m). 1.62 (2H. . 
m). 1.36 (4H, m), 1.11 (9H, s) and 0.93 (3H. m). LRMS: +ve ion 393 [M+Na], 379 
[M+H], -ve ion 377 [M-HJ. 

Example 8 

2R (or S)-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid (1S-dimethylcarbamoyl-2- 
methyl-propyl) amide 
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Diastereoisomer A: colourless oiK LRMS: tve Ion 338 fM+NaJ. -ve Ion 319 [M^H]. 



Example g 



2R (or SH(Fomiy|.hydroxy-amlno)-methyl]-hexanoic acid (1S-dlme^^ 
pheny!-ethyl) amide 




Diastereoisomer A: colourless oll. LRMS: -i-ve ion 386 [M+Na], -ve ion 362 [M-H] 
Diastereoisomer B: colourless oil. LRMS: n-ve ion 386 [M+NaJ. -ve ion 362 [M-H] 



Example 10 



2R (or S)-[(Formyl-hydroxy.amino)-methyl].hexanoic acid (1S-dimethylcarbamoyl-3. 
methyl-butyl) amide 
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OH 




H O 



Diastereoisomer A: colourless oil. LRMS: +ve ion 352 [M+NaJ, -ve ion 328 [M-HJ. 



Example 11 

2R (or SH(Fomnyl-hydroxy-amino)-methyl]-hexanoic acid [3-methyl-1S-pyrrolidine-1- 
carbonyl)-butyl] amide ; 



OH 





H 



Diastereoisomer A: colourless o|l. LRMS: -ve ion 354 [M-H]. 

Example 12 

1-{2R (or S)-[(Formyl-hydrc)xy-amino)^methy|]-hexanoyl}-pyrrolidihe-2S-carboxylic 
acid dimethylamide 
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Diastereoisdmer A: colourless Oil. LRMS: +ye ion.336 [M+Na], ^ ion 312 [M^J. 
Piastereoi^omer B: colourless oih IRMSr+ve ion 336 [M^a]v-ve ion 312 [IVlilJ 



• ■ Example 1?t ^ \ ; v y/^t' ■.. 

2R (or S)-[(Formyl-hydroxy-amirk))-nrie^^^ 
2,2-dirnethyl-propyl)-amide v' 




mthod I 



A synthetic route to the title compound is outlined in Scheme 2 and is described 
detail below. 



in 
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step A: 2RS^Formyl-heptanoic acid ethyl ester . . 

Sodium metal. (4.38 g. 0.i91 mmol) was cut into small pieces and placed in a two- 
neck oven-dried rburid bottom flask under a blanket of argon. Anhydrous diethyl 
ether (100 ml) was added and the suspension vyas stirred and cooled to O?C. The 
fiask was fitted with a reflux eondenser before dropwise addition of ethanol (1.03 ml, 
1 7.3 mmol). A mixture of ethyl formate (15.41 g. 0.20$ mmol) and ^thyl capimate, ' 
(25 g, 0.173 mmol) was added dropwise a dropping f^^ ov^ra period of about 
20 minutes. The resulting orange suspension (sodium. mkal. still visible) was 
allowed to wamri to room temperature and stirred overnight. The resulting thick 
orange suspension (no spdiuhi metal ylsible) was cooled to 0 °C arid diluted with ice- 
cold water (too ml).. The mixture was transferred to a separating funnel and the : 
aqueous phase \A/as removed, washed with diethyl ether, cooled 
aeidifiea with 1M hydrochloric acid (200 ml). The emuls^^^^ 
acetate and the organic layer was separated, washed with brine, dried over 
anbydrous magnesium sulfate and filtered. The fi«^^^ 

reduced pressure to give a yellow oil containing primarily the title com (11.09 
g), which was u6ed without further purification In^^ S^^ 

Step B: 2RS-(Ben2yloxyimino-methyl)-heptanoic acid ethyl ester . • 

The crude Clalsen product from Step A (11.0 g, 63.9 mmol) was dissolved in ethanol 
(100 ml) and water (10 ml) and cooled to 0 °C during ^^^^ 

(6.2 gr76.6 mniol) and 0-benzyl hyidrbxylamine hydrochloride (1 2.23 g. 76.6 mmol). ■■ 
The mixture was allowed to warm to room temperature and stirred overnight. The . 
resulting suspension was filterecl and the filtrate was concentrated under reduced 
pressure. The residual yellow paste was partitioned between ethyl acetate and 
water. The organic layer was washed with 1 M hydrochloric acid and brine, dried 
over anhydrous magnesium sulfate, filtered and evaporated to a yellow oil: The 
desired product was obtained by flash chromatography (silica gel. gradient elution 
with 10% to 25% ethyl acetate in hexane. Yield 9.19 g (52%). 'H-NMR: 5 (CDCI3, 
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mixture of syn- and an//-isomers), 7.46 (0.6H. d, J = 8.0 Hz), 7.38-7.28 (5H. m). 6.79 
(0.4K d. J = 7.1 Hz). 5.11 (0.8H, s). 5.08 (1.2H, s). 4.16 (1.2H. q, J = 7.0 Hz). 4.13 
(0.6H. q. J = 7.0 Hz). 3.91 (0.4H. q. J = 7.2 Hz). 3.21 (0.6H. td. J = 8.0 and 6.1Hz). 
1.90-1.48(2H, m). 1.37-1.20(7H. m). 0.87 (3H; t, J = 7.0Hz). • 

Step C: 2RS-(Benzyloxyimino-methyi)-heptanoic acid 

2RS-(Bisnzyloxyimino-methyl)-heptanolc acid ethyl ester (7.0 g, 25.24 mmol) was 
dissolved in methanol (125 ml) and the solution was cooled to 0 °C. 1 M Sodium 
hydroxide (26 ml. 26 mmol) was added in portions over 2 minutes to give a pale / 
yellow emulsion. Additional methanol was added until a clear solution was obtained. 
The solution was allowed to stir for 90 minutes at 0°C then for 5 hours at room 
temperature whereupon TLC analysis suggested that all of the starting material had 
been consumed. The solvent was removed under reduced pressure and the residue i 
was partitioned between water and ethyl acetate. The aqueous layer was cooled to y 
0 "C and acidified with 1 M hydrochloric acid. The emulsion thus foi-med was . " 
extracted twice with ethyl acetate. The combined organic extracts were washed with - 
brine, dried over anhydrous magnesium sulfate and filtered. The filtrate was 
concentrated under reduced pressure to provide the title compound as a yellow oil 
(5.1 5 g, 82%) which was used without further purification in Step D. 'H-NMR: 5 
(CDCI3, mixture of syn- and anti- isomers), 8.00 (1H, br s), 7.46 (0.6H. d, J = 7.9 Hz), 
7.36-7.24 (5H. m). 6.80 (0.4H. d. J = 7.0 Hz). 5.13 (0.8H. s), 5.09 (1.2H, s), 3.94 
(0.4H. q. J = 7.1 Hz). 3.27 (0.6H; td. J = 6.4 and 8.0 Hz), 1 .94r1 .58 (2H. m), 1 :48- 
1.24 (4H. m) and 0.94-0.84 (3H, m). 

Step D: 2RS-(Benzyloxyimino-methyi)-heptanoic acid (1S-dimethylcarbamoyl-2,2- 
dimethyl-propyl) amide 

2-(Benzyloxyimino-methyl)-heptanoic acid (5.16 g, 20.7 mmol). tert-leucine N.N- 
dimethylamide (3.60g, 22.77mmol) and EDC (4.76g, 24.84 mmol). were stin-ed ' ■ ' 
together in DMF (75 ml) and cooled to 0 °C. HOAt (250 mg, cat.) was added and 
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the bright yellow mixture wras allowed U> warm to ropm temperature a stirrecT- 
overnight: The, solvent was. removed under reduced pressure and the residual oil 
was partitioned between ethyl ac^^^ 1 M hydrochloric acid. The organic layer 
was washed with brine, dried over anhydrous magnesium sulfate, filtei-ed and : 
. concentrated to dryness, under reduced pressui-e. The title compound Was obtained 
as a colouriess oil by flash chromatography.(silica gel. gradient elution with. 33% to - 
66% ethylacetate in hexane). yield 6:84 ^h-NMR: 5 (CDCI3. mixture of 

syn-andar7r^ isomers). 7,4;^ (O.e^H^^ 

(IH. ni). 5.20-4^69 ^^ m). 3.05 (0.6^ m). zgg. 

^;2.9?^{3H.m), 1,90.1 :S<^^^^^ , . 

0.94 (2.7H. s). 0.92 (I .BH. s) and 6.92-0:82 (3 H. m). - ': V 

Step 2R (or S)^(Benzyloxyamirio^ethy!)-heptanoic acid! (1S-dimethylcart3amoy|i " 
2,2-dimethyl-prbpyl) amide . • ■ 

To a solution of.2RS-(benzyloxyimino-methyl]hheptahoic^a^^^^^ 
:Cai;^m9yl.?.2-dimethy|.prppy!)ap^^^^^ 

added sodiurn cyanoborohydricle.(2.02;g, 32:0'mmol) in bn^ portion. Over thb ' 
course of 1v hour the reagent dissoved; slowly with mild effervesence to give a 
colourtess^blution.,:which w^ stir overnight. The solvent was removed by : 

evaporation under reduced pressure and azeotroping with toluene: The remal 
: oil was partitioned between diethyl ether and 1 M sodium carbonate (CARE.'.spme 
gas:evblved). The organic layer was, washed with brine (70 ml);, washed'with brine- . 
dried over anhydrous magnesium- sulfate, filtered and^concentrated to drynestunder ' 
reduced pressure, the two diastereoisomers of title-Compound were purified and ■ 
separated by flash chromatography (silica gel. gradient elution with 50% to 1 00% • ' = 
ethyl acetate in hexane). 

Diastereoisomer A (faster eluting): colouriess oil (2.27 g, 45%). 'H-NMR: 6 (CDCI3). ' 
7.43-7:28 (5H. m). 6.76 (1H. br d. J = 9.4 Hz). 5.69 (1H. br s). 4.93 (1H. d. J = 9.4 ' 
Hz). 4.72 (2H. s). 3.15 (3H. s). 3.18-3.00 (2H. m). 2.96 (3H. s). 2.49 (1H. m). 1.66- " " 
1.49 (2H, m). . 1.46-1. 19 (4H. m). 0.99 (9H. s) and 0.86. (3H, t. J = 6.8 Hz). 
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Drastereoisomer B (slower eluting): colourless oil (1.44 g. 46%). ^H^NMR: 5 (CDCI3), 
7.40-7.27 (5H, m), 6.70 (1H. brd, J = 9.0 Hz). 5.99 (1H, br s). 4.85 (IH. d. J =9.0 
Hz), 4.71 (2H. d. J = 1.6 Hz). 3.16 (3H. s). 3;06-2.97 (2H; mj. 2.95 (3H, s). 2.57 (1H. 
m).. 1.74-1. 21 (6H. m). 1.00 (9H, s) and 0.88 (3H. brt. J = 6.7 Hz). 

Step F: 2R (or S)-[(Benzyloxy-formyl-amino)-methyl]-heptanoic acid (1S- 
dimethylcarbamoyl-2,2-dimethyl-propyl) amide 

2-(Benzyloxyamino-methyl)-heptanoic acid (1S-dimethylcarbamoyl-2,2-dimethyl- 
propyl) amide (diastereoisomer A) (2.02 g. 5: 1 3mmol) was dissolved in anhydrous 
THF (50 ml) and placed under a blanket of argon. N-formyl-benzotriazole {A.R. 
Katritzky et al., Synthesis 1995, 503) (0.83 g. 5.65 mmol) was added and the 
mixture was allowed to stir at room temperature for 4 hours. The solvent was 
evaporated under reduced pressure and the residual oil was partitioned between 
dichloromethane and 1 M sodium hydroxide. The organic layer was washed with 
more sodium hydroxide and brine, dried over anhydrous magnesium sulfate, filterecl ' 
and concentrated to dryness under reduced pressure. The title compound was 
obtained as a. white crystalline solid by flash chromatography (silica gel, elution with ' 
33% ethyl acetate in hexane). Yield 1.60 g (74%). ^H-NMR: 6 (CDCI3, rotamers). ' 
8.00 (1H. br m). 7.47-7.29 (5H, m). 6:25 (1H. brd, J = 9.3 Hz), 5.08-4.74 (2H. brm). 

4.87 (1H, d. J = 9.4 Hz). 3.89-3.52 (2H. br m). 3.13 (3H. s). 2.94 (3H, s), 2.54 (1H, 
m), 1.67-1.11 (6H. m), 0.95 (9H, s) and 0.85 (3H, brt, J = 6.9 Hz). 
2-(Benzyloxyamino-methyl)-heptanoic acid (1S-dimethylcarbamoyl-2.2-dimethyl- 
propyl) amide; (diastereoisomer B) was similarly prepared from the the slower eluting 
diastereoisomer in Step E. Yield 0.38 g (41%). 'H-NMR: 5 (CDCI3. rotamers), 8.00 
(1H, brm), 7.47-7.28 (5H, br m), 6.29 (1H, brd, J = 9.3 Hz), 5.01-4.63 (2H. br m). 

4.88 (1H, d, J = 9.3 Hz), 3.82-3.51 (1.5H. br m). 3,20-2.78 (6.5H, br m). 2.50 (1H. br 
m). 1 .76-1 . 1 7 (6H, br m). 0.97 (9H. s) and 0.85 (3H, br t. J = 6.7 Hz). ■ 



Step G: 2R (or S)-[(Formyl-hydroxy-amino)-methyi]-hexanoic acid-(1S-dlmethyl 
carbamoyl-2 .2-dimethyl-propyl )-a mide 
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2-[(Ben2yloxy-formyl-amino)-methyl>heptanoic add (1S-dimethylcarbamoyl-2,2- 
dimethyl-propyl) amide (diastereoisomer A) (1 .43 g. 3.41 mmol) was dissolved in 
methanol (50 ml) and placed under a blanket of argon. A suspension of 10% 
palladium on charcoal (100 mg, cat.) in ethyl acetate (2 ml) was added and the 
mixture was stirred vigorously while hydrogen gas was bubbled through the solution. 
After 10 minutes the mixture was placed under an atmosphere of hydrogen arid left 
to stir for 3 hours, whereupon TLC analysis indicated that all of the starting material 
had been consumed. The system was purged with argon and the catalyst was 
; removed by filtration. The filtrate was concentrated under reduced, pressure to 
provide the title compound as a colourless hygroscopic foam (1.11 g. 99%). ^H- 
NMR: 6 (CDCI3, rotamers). 8.41 (0.35H, s), 7.83 (0.65H, br s). 6.80 (0.35H, brd. J = 
8.9 Hz). 6.62 (0.65H. br d. J = 9.4 Hz). 4.91 (0.65H. brd. J = 9.4 Hz). 4.88 .(0.35H. br 
d. J = 8.9 Hz). 4.04 (1H. dd. J = 14.7 and 7;4 Hz). 3.82 (0.65. dd. J = 14.0 and 9.7 
Hz). 3.56 (0.35H. dd. J = 14,7 and 3.3 Hz). 3:48 ,(0.65H. dd. J = 14.0 and 4.0 Hz)., 
3.16 (1.05H. s). 3.15 (1.95H. S). 2.98 (1:0.5H. s). 2.96 (1.95H. s). 2.90-2.74 (0.65H, 
br m), 2.74-2.61 (0.35H. br m) 1.73-1. 17 (6H. br m). 0.99 (3.15H. s). 0.95 (5.85H, s) 
and 0.87 (3H. br.t. J = 6.7 Hz), ^^C-NMR; 5 (CDCy/l 74,6. 171.2, 162.2. 157.2, 
60.1. 54.5. 54.3. 52.3. 48.4. 44.8. 44.3. 35.6, 35.4. 29.6, 29.0; 26.3, 20.8. 20.2. 
14.0 and 13.7; LRMS: +ve ion 352 (M+Na), -ve ion 328 (M-H). 

2-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid-(1S-dimethylcarbamoy|.2.2- 
dimethyl-propyO-amide (diastereoisomer B) was similarly prepared from 
diastereoisomer B in Step E 'H-NMR; 6 (CDCIa, rotamers). 9 37, (0^5H. s), 8.40 
(0.5H. s). 7.75 (0,5H. br s). 6.62 (0.5H. br s). 6.4i"(0.5H. br d. J=7.1 Hz). 4'87 (0.5H. 
br d, J=6.6 Hz). 4.66 (0.5H, brd. J=7.6 Hz). 3.84-3.39 (2H. m). 3.21 (1.5H, br s), 
3.14 (1.5H, br s). 2.98.(3H. br s). 2.91-2.54 (1H. m). 1.79-1.23 (6H. m) and 1.08-0.83 
(12H. m). '^C-NMR; 5(CDCl3, rotamers). 174.9. 173.3, 56.3, 54.8. 51.6, 50.3. 45.5. 
45.1. 38.6. 38.4, 36.2. 36.0. 35.3. 34.4, 29.5, 29.4, 29.3. 29.2, 26.6, 26.5. 22 6. 22.5 
and 13.9. LRMS: +ve ion 352 [M+Na]. -ve ion 328 [M-H]. 
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An alternative asymmetric synthetic route to the compound of Example 1 3 is outlined 
in Scheme 3 and. is described in detail below. 



■ ■■■ 4 i. 
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To a solution of n-butylmalonic acid (17.2 g, 107 mmol) in ethanol (200 ml) was 
added piperidine (12,76 ml, 129 mnriol) and 37% aq. formaldehyde (40.3 ml, 538 
mmol). The solution was heated to 80 °C during which time a precipitate appeared 
and then gradually redissolved over 1 hour. The reaction mixture was stirred at 80 
°C overnight then cooled to room temperature. The solvents were removed under 
reduced pressure and the residue was dissolved In ethyl acetate (200 ml), washed 
successively with 1 M hydrochloric acid and brine, dried over anhydrous niagnesium 
sulfate and filtered. The filtrate was concentrated to give the title compound as a 
clear oil (13.37 g, 97%). ^H-NMR; 6 (CDCI3). 6.29 (1H, s), 5.65 (1H, s), 2.34-2.28 
(2H, m), 1.54-1.26 (4H, m) and 0.94 (3H, t. J=7.1 Hz). 

Step B: 4S-Benzyl-3-(2-butyl-acryloyl)-5,5-dimethyl-oxazolidin-2-one 

2-Butyl acrylic acid (21 .5 g, 1 68 mmol) was dissolved in dry THF (500 ml) and 
cooled to -78 "C under a blanket of ar^jori. Triethylamine (30 ml, 218 mmol) and 
pivaloyi chloride (21 ml, 168mmol) were added at such a rate that the temperature 
remained below -60 °C. The mixture was stin-ed at -78 °C for 30 minutes, wanned 
to room temperature for 2 hours and finally cooled back to -78 °C. 

in a separate flask, 4S-benzyl-5,5-dirnethyl-oxa2olidin-2-one was dissoved in dry 
THF (500ml) and cooled to -78 °G under a blanket of argon. n-Butyllithiiim (2.4 M 
solution in hexanes. 83 ml, 200 mmol) was added slowly and the mixture was stin^d 
for 30 minutes at room ternperature. The resulting anion was tranferred via a 
cannula into the original reaction vessel. The mixture was allowed to warm to room 
temperature and was stirred overnight at room temperature. The reaction was 
quenched with 1 M potassium hydrogen carbonate (200 ml) and the solvents were 
removed under reduced pressure. The residue was partitioned between ethyl 
acetate and water. The organic layer was washed with brine, dried over anhydrous 
magnesium sulphate, filtered and concentrated under reduced pressure to give an 
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orange oil. TLC analysis revealed the. presehce of unreacted chiral auxiliary in 
addition to the required product: A portion of the materia! (30 g) yyas dissolved in 
dichloromethane and flushed though a silica pad to give pure title compound as a 
yellowoil (25:3 g). 'H-NMR;6 (CDCl3). 7.31-7.19 (5H/m). 5.41 (2H,s), 4.51 0 ■ 
J=9.7. 4.2 Hz), 3.32 (1 H. dd, J=14.2. 4.2 Hz). 2.82 (IB. dd. J=14.2. 9.7 Hz). 2.40- ' 
2.34 (2H. m). 1.48-1.32 (4H. m), 1.43 {3H, s). 1.27 (3H. s) and 0^^^^^^ 
Hz). Some chiral auxiliary was recovered by flushing the silica pad with methanol. 



Step C: 4S^Benzy(-3^[2-(benzyloxyamino.methyl)-hexan6yl]-5,5-dimethyl-oxazolidin 
2-one (p-toluenesuliFonic acid salt) 

4S-Benzyl-3-(2-butyl-acryloyl)-5.5-dimethyl-6xazolidin-2^ne (1 9.8 g. 62.8 mmol) 
was mixed with p-benzylhydroxylamine (15.4g, 126 mmol) and stin-ed dvemighl at 
: room temperature. The mixture was dissolyed in ethyl acetate and the solution was 
- washed with 1 M hydrochloric acid. 1 M sodium carbonate and brine, dried over 
. anhydrous magnesium sulfate and filtered. The filtrate was concentrated under 
reduced pressure to a pale yellow oil (25.3 g) which was shoWn by NMR and HPLC 
ahialysis to cohtain 4S-Benzyl.3-[2-(benzyloxyamino-methyl)-h 
oxazolidin-2.bne.(ca. 82% d.e.) along with a trace of starting material. The product 
was combined with another batch (26.9g. 76% d.e.) and dissolved in ethyl acetate 
(200 ml). p-Toluenesulfonic acid (22.7 g. 1 19 mmol) was added and the mixture 
was cooled to 0 °a The title compound was obtained as a white crytallihe soiid by 
seeding and scratching." yield: 25.2g. (34%. single diastereoisbmer). A second crop 
(14.7 g, 20%. single diastereoisomer) was also Obtained.. 'H-NMR;5 (CDCI3), 7.89 
(2H, d,J=8.2 Hz). 7.37-7.12 (10H. m). 7.02 (2H;dv J=6.9Hz). 5 28-5.19 (2H. m) 
4.55 (1H, m^/4.23 (1 K m). 3.93 (1H. m). 3.58 (1H. m). 2.58 (1H, m). 2.35 (3H. s). • 
1.67-1.51 (2H. m), 1.29-1.16 (4H, m). 1.25 (3H. s). t.11 (3H, s) and 0.80-0.75 (3H. 
m). • , 

Step D: 2R-Benzyloxyamino-methyl)-hexanoic acid 
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4S-Benzyl-3-[2R-(ben2yloxyamino-methyl)-hexanoyll-5,5-dimethyhoxa2ol^ 
p-toluenesulfonic acid salt (25.2 g, 40.2 mmol) was partitioned between ethyl 
acetate and 1 M sodium carbonate. The organic phase was dried over anhydrous 
magnesium sulfate, filtered and evaporated under reduced pressure. The residual 
oil was dissolved in THF.(150 ml) and water (50 ml) and cooled to 0 °C and treated 
with lithium hydroxide (1 .86 g, 44.2 mmol). The solution was stirred for 30 minutes 
at 0 °C. then overnight at room temperature. The reaction was acidified to pH4 with 
1 M citric acid and the solvents were removed. The residue was partitioned between 
dichloromethane and 1 M sodium carbonate. The basic aqueous layer was acidified 
to pH4 with 1 M citric acid and extracted three times with ethyl acetate. The 
combined organic layers were dried over anhydrous magnesium sulfate, filtered and 
concentrated to provide the title compound as a colourless oil (7.4 g, 73%). ^H- 
NMR;5 (CDCI3). 8.42 (2H, br s), ,7.34-7.25 (5H, m). 4.76-4.66 (2H. m), 3.20-3.01 (2H, . 
m), 2.73 (1H, m), 1.70-1.44 (2H, m). 1.34-1.22 (4H, m) and 0.92-0.86 (3H, m). 



Step E: 2R-(Ben2yloxyamino-methyl)-hexanoic acid (1S-dimethylcarbamoyl-2,2- 
dimethyl-1 -propyl) amide 

2R-Benzyloxyamino-methyl)-hexanoic acid (7.98 g, 31.8 mmol) was dissolved in 
DMF (150 ml) and the solution was cooled to 0 °C. EDC (6.1 g, 31.8 mmol) and 
HOBt (430 mg, 3.2 mmol) were added and the mixture was stirred for 15 minutes. 
ferf-Leucine-N,N-dimethylamide (5.53 g, 34 mrnol) was added and the reaction was 
allowed to warm to room temperature and was stirred overnight. The solvent was 
removed under reduced pressure and the residue was dissolved in ethyl acetate, 
washed successively with 1 M hydrochloric acid, saturated sodium hydrogen 
carbonate and brine, dried and filtered. The solvent was removed to leave the title 
compound as a yellow oil (8.7 g, 69%) which was used in Step F without further 
purification: ^H-NMR; 5 (CDCI3). 7.35-7.28 (5H, m), 6:77 (1H, br d, J=9.2 Hz). 5.69 
(1H. br s), 4.93 (I.H. d. J=9.4 Hz). 4.72 (2H, s), 3.15 (3H. s), 3.10-3.00 (2H, m). 2.95 
(3H, s), 2.49 (1 H; m), 1.64-1.21 (6H. m), 0.99 (9H, s) and O.86 (3H, t, J=6T8~Hz): 7" 
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Step R 2M(Ben2ylpx06nTiy|.amino^ 
caitamoyl-2,2-dimethyl-1 -propyl) amide 

2R-(Ben2yloxyamirio-methyl)-hexanoic acid (1 S-dimethylearbamoyl-2idlmethyj-i:^ 
propyl) amide (7.8 g. 19.9mmbl) was dissolved in dry THF (100 ml) and treated .with 
. 1 -fprmyl-benzotriazole (3.08 g. 21 .0 mmol). The reaction was stirred overnight at 
room:tempiBrature. Jhe so!vent was removed under reduced pressure and the 
residue was dissolved in ethyl acetate ■vyashedwitfr 2 M sodium hyd 
and brine, the organic layeir was dried oyer anhydrous magnesium" s 
, 'arid concentrated to dryness under reduced pressure^ 

from ether-hexane ;(4.83 g, 57% in two crops). ^R-NMR;5 (CDCl3, rotamers). 8.12 
(d:6H. brs), 7:89 (0-4H, br s), 7.37 (5H. s). 6.25 '(1H. d. J=9.3 Hz). 4.96 (q.6H; br s). 
:^ 4.86 (1 H, d. J=9.4 Hz), 4.80 (0:4H, br s) ■ 3.74 (2H, ;br s); 3.13 (3H. ^)..2.94 (3N; s). ' 
2.53 (1H. m). 1.38-1.21 (6H. m), 0.95 (9H, s) and 0.85^k. t; J=6:9 Hz)^ Noter A 
small sample vyas cryt^Hised from etHer-hexahe lb provide crystals suitable for X-ray 
crystallography: The stereochemistry was proven to be as stated, herein. 

• Step G: 2Ri[(Fprmyl-hydroxy-anriino)-methyl]-hexan6ic acid (1 S^dimethyicarbamoyl- 
dimethyl-^ -propyl) amide ' ' " > ; ; ; , 

2R-[(Benzyloxy-formyi-amino)-methyl]-hexarioi.c acid (TS-dimethylcarbamoyl-2> ^ 
dmethyl-1 -propyl) aniide , (4.72 g, 11.3 rnmbi) was dissolved in ethanol (80 ml) a^^^^ 
placed under a blanket of argon. ;^ 

mg) in ethyl acetate (2 ml) was added and the mixture was stln-ed vigorously as 
hydrogen gas was bubbled through the system. After 30 minutes the suspension 
Was placed under a balloon of hydrogen and stirred overnight at room temperature. 
The flask was purged with argon before removing the catalyst by filtration; The 
filtrate was concentrated under reduced pressure to provide the title compound as a 
colourless foam which crystallised on standing (3.65 g, 98%). 'H-NMR; S (CDCl . 
rotamers). 9.32 (0.4H. brs). 8.41 (0.4H. s). 7.8.8 (p.6H. brs). 7.27 (0.6H. s). 6:75 
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(0.4H. br d. j=8.8 Hz). 6.58 (0.6H, br d, J=9.3 Hz). 4 89 (1 H. m), 4:04 (0.4H ; m). " 
3.82 (0.6H. m), 3.53 (1H. m). 3.16 (1.2H. s). 3.15 (1.8H; s). 2.98 (1.2H. s), 2.96 
(1.8H, s). 2.79 (0.6. m). 2.65 (0.4H, m), 1.78-1.58 (6H, m), 0.99 (3.6H, s). 0.95 
(5.4H. s) and 0.87, 3H, t. J=6.7Hz). '^'C-NMRiS (CDCI3. rotamers), 175.8. 173.3. ' 
172.0, 55.4, 54.9. 52.2, 48.8. 46.3, 38.9. 38.8, 36.3, 36,1, 30.3. 30,2. 29.7, 26.9, 
23.0 and 14.3. LRMS: +ve ion 352 IM+Na], -ve ion 328 [M-HJ. 

The compounds of Examples 14 to 27 were prepared by analogy with Example 13, 
Method I, substituting the appropriate ester for ethyl caproate in Step A. Where both 
diastereoisomers were prepared, diastereoisomer A is the faster eluting and usually 
the more potent against PDF in vitro. In some cases only the faster running 
diastereoisomer (Step E) was taken through to the final product. 

Example 14 

2R (or S)-[(Fonmyl-hydroxy-amino)-methyll-3-cyclopentyl-propionic acid (1 S- 
dimethyl-carbamoyl-2,2-dimethyl-propyl)-amide 




Diastereoisomer A . Colourless glass. 'H-NMR; .5 (CDCI3, rotamers), 9.33 (0.4H, br 
s). 8.94 (0.6H. br s). 8.40 (O.4H, s). 7.82 (0.6H, s)..6.82 (0.4H. br.d. J=8;6 Hz), 6.62 
(0.6H. brd, J=9.3 Hz). 4.90 (1H. m), 4;06 (0.4H, brdd, J=14.7, 7.3 Hz), 3.81 (0.6H, 
brdd, J=14.0, 9.7 Hz), 3.50 (1H. m), 3.16 (1.2H, s), 3.14 (1.8H, s), 2.97 (1.2H. s), 

2:95-(1T8R7s)72:80T1H7m)riT87-lT3219H7m)7lTl6-0:9512H7m)70:9913:6H7^ 
and 0.95 (5.4H, s). '^C-NMR; 6 (CDCI3, rotamers). 172.9, 171 .3, 55.0,. 54.5, 52.0,.. . 



BNSOOCn: .dND_jBM«roM1JL^ 



wo 99/39704 j PCT/GB99/00386 

54 ;, 

48:6. 45.4. 44.2, 38.5, 38.4, 37.9. 37.6. 36.4. 36.3. 35.8. 35.6. 35.5. 32.7. 32.6. 26.5, 
26.4 and 25.1. LRMS: +ve ion 378 [M+Na], -ve ion 354 [M-H]. 
Diastereoisomer B . Colourless glass. ^H-NMR; 5 (CDCI3, rotamersj. 9.30 (0.6H. br 
s). 8.41' (0.6H. s). 7.75 (0.4H. s). 6;52 {0.4H. br d, J=8.7 Hz). 6.41 (0.6H, bf d, J=7.3 
Hz). 4.85 (0.4H, br d. J=9.5 Hz). 4.63 (0.6H, br d. J=7.5 Hz), 3.85-3:40 (2H, m). 
3.25-2.95 (6H. 3brs). 2.78 (1H, 2brnn). 1.90-1.40 (8H. m). 1:30 (IN. m). 1.20-1.00 
(2H. m) and 1.05-0.95 (9H. 2S). ^^C-NMR; 5 (CDCIa. rotamers). 174.9. 173.3; 1.72.8. 
56.5. 54.7. 51.5. 50.5, 44.7. 44.6. 38.6. 38.4, 38.0. 37:8, 36.2. 36.6, 35.7. 35.5. 35.3, 
34.3. 33.0, 32.9. 32.4. 32.3. 30.9. 26.6. 26.5. 25.1, 25.0 and 24.9. LRMS: +ve Ion 
378 IM+NaJ. -ve ion 354 [M-HJ. . 

- Example 1.'S- 

2R (or S)-[(Formyl-hydroxy-an^lno)-methyl]-heptanoic acid-(1 S-dimethylcarbamoyl- 
2.2- ^ . . / ■ ■ ' ' . : .■■ ; 

dimethyl-propyi)-amide . , - 




Diastereoisomer A. Darl< orange oil. 'H-NMR; 5 (CDCI3, rbtamers). 8,32 (0:33H, s), 
7.76 (0.67H. brs). 6.78 (0.33H. br d, J=9.1 Hz). 6.68 {0.67H. brd, J=9.1 Hz). 
4.87-4.79 (1H, m), 3.96 (0.33H. br dd. J=14.6. 7.6 Hz). 3.74 (0.67H, br dd. J=13.9. 
9.7 Hz). 3.51-3.36 (1H, m). 3.09 (1H. s). 3.08 (2H, s). 2.90 (1H. s). 2.89 (2H. s). 
2.86-2.55 (1H. m). 1.53-1,19 (8H. br m), 0.92 (3H. s). 0.88 (6H. s) and 0.79 (3H, m). 
"C-NMR: 6 (CDCI3. rotamers). 174.3, 172;0, 170.5. 1.70.4. 54.0, 53.5. 53.4. 50.8; 
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49.7. 47.4. 44.9. 43.8, 37.5. 37.4. 34.8. 34.7.-34:6. 30.6. 29.2. 29.1. 25.8.' 25.5, 
21.4 and 12.9. LRMS: +ve ion 344 M+Hl, -ve ion 342 [M-HJ. 

Diastereoisomer B, Dark orange oil. ^H-NMR; 5 (CDCI3, rotamers), 8.36 (0.5H. s), 
7.74 (0.5H, s), 6.69 (0.5H, br s). 6.57 (0.5H. br d, J=7.6 Hz), 4.89 (0.5H, br s). 4.70 
(0.5H. d. J=7.8 Hz). 3.76-3.40 (2H. m), 3.21 (1.5H. s). 3.16 (1.5H. s). 2.98 (3H. s). 
2.81 (1H. br s)..2.72-2.60 (1H. m), 1.67 (2H, br s). 1.42-1.22 (6H, m), 1.02 (4.5H. s). 
0.99 (4.5H, s). 0.90.(1.5H, s) and 0.87 (1.5H, s). "C-NMR; S (CDCI3. rotamers). 
175.2. 173.8, 173.1. 56.5, 55.1, 52.3. 51.1. 50.6. 45.8. 45:5, 39.0, 38.9, 36.6. 36.3, 
35.6, 34.9. 32.1, 32.0, 30.1. 29.9, 27.4, 27.4, 27.0, 26.9, 22.9 and 14.3: LRMS: +ve 
ion 344[M+H]. -ve ion 342 [M-H]; 

Example 16 

2R (or S)-{(Formyl-hydroxy-amino)-methyl]-pentanoic acid-(1 S-dimethylcarbamoyl- 
2,2-dimethyl-propyl)-amlde 




Diastereoisomer A. White hygroscopic foam. ^H-NMR; 5 (CDCI3, rotamers), 8.40 
(0.33H, s). 7.83 (0.67H. brs), 6.88 (0.33H, brd, J=8.6 Hz), 6.69 (0.67H, brd, J=9.2 
Hz). 4.90 (1 H. t). 4.06 (0.33H. br dd. J=14.5. 7.4 Hz), 3:82 (0.67H. br dd. J=13.7. 9.8 
Hz). 3.57-3.44 (1H. m). 3.16 (1H. s). 3.15 (2H. s), 2.98 (1H. s)..2.96 (2H, s). 
2.87-2.63 (1H, m), 1.64-1.26 (4H. br m). 0.98 (3H. s), 0.94 (6H, s) and 0.90 (3H. t. 
J=7.3 Hz). '^C-NMR; 6 (CDCI3. rotamers), 175.8, 173.2, 172.0, 55.4, 54.9, 52.2, 
48.7, 46.2, 45.0. 38.9, 38.9, 36.3, 36.1, 36.1. 32.7, 32.6. 27.0, 26.9, 20T9720TS~and~ 
14.4. LRMS: +ve ion 338 [M+Na]. -ve ion 314 [M-H]. 
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Example 17 



V 2R (or SHFormyl-hydroxy-amino)-methyl]-4-m 
carbampyl-2.2-dimethyl-propyl)-arnide 




IfJiastereoi^omer A. White hygroscopic solid; >I.NMR: 5-(fidCl3, rbt^mers); 8.41 
(6,4H. s)^ 7.33 (0,6H. s). 6.65 (0.4H. d. J=8.6 Hz). 6,55 (0.6H; d. J=9;o Hz). ' ■ ' ^ 
4,91 -4.83 (1 K m). 4.03-3.95 (0.4H, m). 3.84-3.74 (Q. 6H, m). 3.62-3:43 (1 a m). 3.1 6 ^ 
(^H. s). 3.13 (2H, s). 2:98 (1H. s). 2.96 (2H. s). i 89-2,79 t0.6H. m). 2.76i2'71 (0:4H. 
m). 1.69-1.34 (1.8H. m). 1.29^120 (1.2H. m). 1;Q (3;6H;s).i3:9& (5:4H:s> W^^ " 
0.93-0.88 (6H. m). ^^e-NI\/IR: « (CDQI3, fbtarners)- TZS^B. 173.3., izio. 171 ;7. ssis. 

^55A 52.4. 49,1; 44:3, 43.2..39.5, 394 38;9. 38.8. 36,3. 3^1. 27-0-2 
23.1 . 23.0 and 22.8: LRMS: +ve ion 352 [M+Na], -ye idri ;328;[IVI-Hi. 'v. 

' . . ' ■ ; ■■ ■ . ; Exarriple 18 - ! : " . \ ■■■■■ "■ r.' 

3-Cyclohexyl-2R (or 3)-[(fbrmyl-hydrdxy-amino)-methy 
carb^moyl-2.2-dimethyl-f5ropyl)-amide' ' - ' : : ; ^ i ^ 
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White solid. ^H-NMR; 6 (CDCI3, rotamers), 8.38 (0.25H. s). 7.82 (0.75H, s). 6.93 
(0.25H. d, J=8.9 Hz). 6.74 (0.75H. d. J=:8.9 Hz), 4.90 (1H, d, J=9.4 Hz). 4.02 (0.25H, 
dd. J=9.7. 14:1Hz), 3.78 (0.75H. dd, J=9.7. 14.1 Hz). 3;46 (1H, m), 3.15 (3H, s), 2:96 
(3H. s), 2.92 (1H, m). 1.65 (6H, m). 1.20 (5H, m). 0.98 (9H. s) and 0.87 (2H, m). ■ 
'^C-NMR; 6 (CDCI3. rotamers). 176.4. 174.2. 172.4, 56.0. 55:6. 53,4, 49.9. 44.0. 
43.3. 39.6, 39.4. 38.7, 38.5, 36.9, 36.7. 36.6. 34.8. 34.5. 27.5. 27.4 and 27,2. 
LRMS: +ve ion 370 [M+H]. 368 [M-H]. 

Example 19 

2R (orS)-Cyclopentyl-3-(Formyl-hydroxy-amino)-propionlcacid-(1S- 
dimethyjcarbamoyl-2.2- dimethyl-propyl)-amlde 




Diastereoisomer A. Off-white foam. ^H-NMR; 5 (CD3OD. rotamers). 8.22 (0.33H, s). 
.7.79 (0.66H, s). 4.89 (1H, s), 3.87 (IH, m). 3.50 (1H, m). 3.19 (3H, s,). 2.93 (3H. s), 
2.82 (0.66H. m), 2.65 (0.33H. m), 1 .89 (2H. m), 1 .56 (5H, m). 1 .24 (2H, m) and 0.98 . 
(9H, s). '^c-NMR; 6 (CD3OD, rotamers). 176.0, 56;7. 53.2. 51.1, 42.7. 39.2. 36,5, 
36.4. 32:0, 27.4, 26.4 and 26.2. IR (reflection disc) v^,,, 3318. 2953. 1663. 1628. 
1529, 1367, 1229. 1 142. 1087. 877 cm '. LRMS: +ve ion 364 [M+Na]. -ve ion 340 
[M-H]. 
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, Example 20 : .. 

2R (or SH(Formyl-hydroxy-amino)-methyi]-octanoiG acid (1 S-dimethylcarbamoyl-2,2- 
dimethyl- propyl)-amide - . - ■ 




blastereoisomer A. ^H-NMR; 6 (GDCI3. rdtamersj. 8.40 (p,4H. sj, 7.83 (0 6H, s). . 
6.88 (0.4H. d. J=8.9 Hz), 6.68 (0:6H. d, J=9'2 H?), 4.90 (1H, m). 4.05 (0.4H, m). 3 81 
(0.6H. m). 3.50 (iH. m). 3.16 (1.2H. s). 3.15 (1 8H, s), 2.97 (1.2H, s), 2.96 (1.8H, s), 
2.86 (0.6H. m), 2.69 (0.4H, m), 1.59-1 .25 (1 OH. m), 1 ,14-0.95 (9H, m) and 0.89-0.77 
(3H,.m). '^CrNMR: 6 (CDCI3, rotamers), 175.2i 172.9, 171.6, 171,4, 54.9, 54.5, 54.3, 
52 0, 48.4.46.1.45.7; 45.1, 44.7, 39.7. 38.5.38.4, 35.8, 35.6, 35.6. 31.7. 31. 5, . 30.2. 
■30.1. 29.1. 29.1. 27.0. 26.4. 22.4 and 14,0., LRMS; +Ve ion 380 [M+Na]. 358 [M+H], 
-ve Ion 356 [M-H]. 

.- Exarilpte 21 ^ 

2R (or S)-[(Forniyl-hydroxy-amino)-methyl]-nonanoic acid 
(1S-dimethylcprbamoyl-2.2-climethyl-propyl)-anrilde 
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Diastereoisomer A: brown solid. ^H-NMR; 5 (CDCI3, rotamers). 9.30 (0.4H, s), 8.41 
(0.6H. s), 7.83 (0.4H, s). 6.66 (0.4H. d, J=8.9 Hz). 6.52 (0.6H, d, J=9.7 Hz), 
4.92-4.84 (1 H, m), 4.06-3.97 (0.4H, m), 3.87-3.77 (0.6H. m). 3.63-3.45 (1H. m), 
3.16 (1.2H, s). 3.14 (1.8H, s). 2.98 (1.2H, s), 2.96 (1.8H. s), 2.86-2.74 (0.6H. m). 
2.66-2.63 (0.4H, m). 1 .95-1 .25 (12H, m), 1 .00-0.95 (9H, m), and 0.90-0.84 (3H, 
m).'3C-NMR; 5 (CDCI3, rotamers). 175.5. 172.8, 171.4, 162.2. 156.1. 55.1. 54.5. 
51.3, 50.8, 48.4, 46.3, 44.9, 38.4. 38.4, 35.8, 35.7. 33.9. 31.7. 30.3. 30.2, 29.4. / 
29.0, 27.1, 26.5. 26.5. 24.9. 22.6 and 14.0. LRMS: +ve ion 394 [M+Na]. 372 [M+H]; 
-ve Ion 370 [M-Hl. 

Example 22 

2R (or S)-[(Formyi-hydroxy-amino)-methyl]-decanoic acid (1S-dimethylcarbamoyl- 
2,2-dimethyl- propyl)-amide 




BNeOOCID: <MD__«aaaV04A1JL> 



:WO 99/39704. 



I': 



PCT/G 899/00386 



60 



Diastereoisomer A; colouriess oil. LRMS: +ve ion^4^^^ 386 [M+Hj; -ve. 

384 [M-H]. " : 



ibn 



Example 23 

2R (or S)-[(Formyl-:hydroxy-amino)-methyl]-5-methyl-h acid ,{1S-dimethyl- 

carbamoyl- 2,2-dimethyi-propyl)-arnide, • 




Diastereojsomer.A: colouriess oil. 'H-NMR; 5 (CDCIa. rotamers), 9.31 (0.4H, s). 8.40 
(0.4H. s). 8.1 7 (q.6H, s), 6.77 (0.4H, cJ.: J=7.5 Hz). 6.60 (0;6H, d, J=8:0 Hz), 4.89 
(1H, m), 4.04 (0.4H. m), 3.83 (0.6H, m). 3.52 (1H; tti). 3.16 (1.2H. S), 3:15; (1^H. s).. 
2.98 (1.2H,.s). 2.96 (1 .8H. s), 2.70 (1H. m). 1.58-1.14 (SH. m), 1.00.0.95 (9H,;fnj 
and 0.87-0.84 (6H. m); '^C-NIVIRrs CCbCia. rotamers). 172.9, 171.5. 162.2, 1563, . 
55. 1. 54.6, 51,4, 48,5. 46.4, 45.6, 38.5, 38.4, 36.2, .35;9, 35.6, 29.7. 28. 1 , 28:6, 2t.9, 
26.7, 26.6, 26.5 and 22.4. LRMS: +ve ion 366 [IVI+Na], 344 [M+H], -ve ion. 342 [M- 



^ Example 24 



2R (or S)-[(Formyl-hydroxy- 
2,2-dimethyl-propyl)-amide 
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Diastereoisomer A: 'H-NMR; 5 (CDCI3. rotamers), 8.41 (0.55H, s), 7.81 (0.45H, s). 
6.67 (0.45H, d. J=8.4 Hz), 6.51 (0.45H. d. J=7.2 Hz). 4.88 (0,45H, d, J=9.4 Hz). 4.66 
(0.55H, d. J=7.7 Hz), 3.76 (1H, m), 3,55 (0.55H, dd, J=14.3. 9.8 Hz). 3.44 (0.45H, 
dd. J=14.2. 5.3 Hz). 3.21 (1.65H, s). 3;14 (1.35H, s). 2.99 (1.65H. s), 2.97 (1.35H. s), 
2.81 (1H, m). 1.21 (1.65H, d, J=6.7 Hz), 1.19 (1.35H. d. J=6.8 Hz). 1.01 (4.95H, s) 
and 0.98 (4.05H, s). LRMS: +ve ion 310 [M+Na], -ve ion 286 [M-H]. 
Diastereoisomer B: 'H-NMR; Q (CDCI3, rotamers). 9.47 (0.4H, br s), 8.41 (0.4H, s), 
7.86 (0.6H, s), 6.96 (0.4H. br s), 6.74 (0.6H, d, J=7.3Hz). 4.91 (1H, m). 3.99 (0.4H. 
dd, J=14.2, 7.6 Hz), 3.83 (0.6H, dd. J=13.8, 9.0 Hz). 3.50 (1H. m). 3.16 (1.2H. s). 
3.15 (1.8H. s). 2.97 (3H, s), 2.90 (1H, m). 1.21 (1.2H, d, J=6.8 Hz). 1.15 (1.8H. d. 
J=6.5 Hz). 0.99 (3.6H, s) and 0.95 (5.4H. s). LRMS: +ve ion 310 [M+Na], -ve Ion 
286 [M-H]. 

Example 25 

2R (or S)-[(Fprmyl-hydroxy-amino)-methyl]-3-methyl butyric acid (1 S-dimethyl- 
carbamoyl-2.2-dimethy[- propyi)-amlde 




Diastereoisomer A: 'H-NMR; a (CDCI3; rotamers). 9.33 (0.4H, s), 8.38 (0.4H, s), 7.81 
(0.6H. s). 6-86 (0.4H; br s), 6.58 (0.6H. d, J=8:6 Hz), 4.90 (lH. m), 4.06 (0:4H, dd. 
J=14.7. 7.3 Hz), 3.91 (0.6H, dd, J=13.8. 10.6 Hz)i 3.17 (1.2H. s). 3.15 (1.8H, s), 2.98 . 
(1.2H. s), 2.96(1 .8H, s). 2.62 (0.6H. m). 2.48 (0.4H. m). 1.90 (1H. m), 1.09-0.86 
(15H, m). LRMS: +ve ion 338 (M+Na). -ve ion 314 (M-H). 



Example 26 . 
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2R (or S)-[(Formyl-hydroxy-amino)-methyl]-3-phenyl-propjori acid-CIS^ 
dimethylcarb.amoyl-r2,2-dimethyl-propyl)-amjde 




Diastereoisomer A . Colouriess gla$s: 'H-NMR; 5 (CDCIa. rptanlers), 9 33 (0.3H, br 
s). 8.95 (0.7H. br s). 8.43 (d,3H, br s), 7.133 (O JH, br s), 7!27-7. 1 0 (5H, m), 6.65 
(0.3H. br s), 6.45 (0.7H, br d, J=8.2 Hz), 4.80-4.70 (1 H,m). 4.22-4,10 (0.3H, m). 
3.89 (0.7H. dd. J=:1 3.7, 9.6 Hz), 3.63-3.47 (1H, m), 3.20-2.69 (3H. m), 3.04 (3H, br 
s), 2.86 (3H. br s), and 0.87 (9H, br s). '^'G-NMR; 5 (CDGIa. rotamers). 137.9, 
137.7, 128.8, 128.5, 126.6, 54.9. 54.5, 51 .3, 48.3, 47.3, 46.6, 38.3. 38.2. 36.2. 36.1. 
35.8. 35.7, 35.6. 35.5 and 26.4. LRMS: +ve ion 386 (M+Na), -ve ion 362 (M-H).. 

■ .'' '■ ,. ''/■ . Example 27 

2R (or S)-[(Formyl-hydroxy-annjno)-methyl]^3-(4-niethoxy-phenyl)-pr6pionic acid-(1S- 
dlmethyi carbamoyi-2.2-dimethyl^propyl)-amide 



OMe 




Diastereoisomer A: LRMS: +ve Ion 416 (IVI+Na), 394 (IVI+H), -ve ion 392 (M-H). 
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The compounds of Examples 28 to 31 were prepared by analogy with Example 13, 
Method II, substituting. the appropriate amino acid amide or benzyl ester for tert- - 
leucine N.N-dimethylamide in Step E. 

Example 28 

2S-{2R-[Formyl-hydroxy-amino)-methyl]-hexanoylamino}-3-phenyt propionic acid 




White foam, 'H-NMR; 5 (CD3OD, rotamers), 8.11 (0.35H, s), 7.80 (0!66H, \s). 
7.31-^7.16 (5H, m), 4.68 (1H, dd, J=8.7, 5.5Hz), 3.58 (1H, m), 3.39 (1H, m), 3.19 (1h7 
- m), 2.98 (1H, m). 2.76 (1H, m), 1.55-1.26 (6H, m) and 0.90-0,85 (3H, m). ^^C-NMR; 
5 (CD3OD. rotamers), 176.1, 175.7, 174.7, 174.5, 138.6, 138.5, 130.3, 129.5, .129.4. 
127:7, 55.0, 53.3, 49.8, 45.4, 38.4, 38.3. 31.0. 30.8, 30.1. 23.7 and 14.2. IR 
(reflection disc) 2932, 2359, 1727. 1660, 1551, 1454, 1381, 1221, 882, 701cm \ 
LRMS: +ve ion 359 [M+Na], -ve ion 335 (MrH). 

Example 29 

2S-{2R-[Formyl-hydroxy-amino)-methyl]-hexanoylamino}-3,3-dimethyl butyric acid. 
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White foam. ^H-NMR; Q /CpaOP. fotamers); 8.25. (0.3H; .s>, 7,82 (0:7H^s)/^^4 
■ (IH. s). 3.83-3.29 (2H.:m).; 3.10-2.89 (1H, m). :i .54.1-33 (6H^ m). 1.03 (^H/s). ' 
1.01 {6H: s) and 0^2-0.87 (3H; m). ./3c.nmR; e^CDaOD/ratamers). 1 74:9- ttiZ-^Qv 
6i.O. 52.4, 44.2. 44:0, 33.6, 30.1, 29.1, 26.2, 22.6 arid 13.1. IR(reflectjori disc) 
2959, 2359. 1644, 1537, 1371. 1218. 881 and 704 cm V URMS: .+ve ion 325 , 
(IVI+Na), -ve ion 301 (M-fl). . : C ■^[■/■^ . •* 



2S-[2R-(Formyl-hydroxy-amino)^methyl]-h {i^[(2S-hydroxymith;yi- 
pyn'olidine-1-dai:ba,m6yl];-2,2-dinriet^ " : 




Colourless oil. 'H-NMR; 6 (CD3OD, rotamers), 8.26 (0.4H, s)! ;7.84 (0.6H, s), 4.62 
(0.4H.d. J=8.2 H2). 4.39 (0.6H. d. J=8..4 Hz). 4.l2 (1H, rn). 3.91-3.37 (6H. br m), 
2.93 (0.6H. m). 2.78 (0,4H. m). 1.93 (5H. m). 1.45 (2H. m). 1.39 (3H. m). 0.97 
(3H. br s), 0.95 (3H, br s), and 0.89 (3H. t. J=6.7 Hz). '^'C-NMR; 5 (CDCI3. 
rotamers). 174.8. 172.9. 65.3. 65.1. 59.6. 59.5. 55.9. 55.7. 51.9. 47.8, 44.7. 44.0. 
31.5. 30.5. 29.3, 28.7. 28.1. 27.3. '23.8. 22.0. 21.2. 18.7. 18.3, 17.6, 14.7 and 13.3 
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LRMS: +ve ion 394 (M+Na). 372 (M+H), -ve ion 370 (M-H). 

Example 31 

2S-[2R-(Formyl-liyclroxy-annino)-methyll-hexanoic acid {1 -[(2-hydroxy-ethyl)methyl- 
carbamoyl]-2,2-dimethyl-propyl}-amide 




White foam. 'H-NMR; Q (CD3OD, rotaniers). 8.25 (0.25H, s). 8.03 (0.125H, s), 7.82 
(0.625HS). 4,88 (1H, m), 3.83-3.54 (4H, br m), 3.41 (2H. m), 3.25 (2H. s), 2.96 
(2H. s and m). 1:49 (2H. m), 1.23 (4H, m). 1.00 (6H, s). 0.99 (3H, s), and 0.88 (3H, 
m). ^^C-NMR; 5 (CD3OD, rotamers), 173.6, 164.4, 61.1, 61.0, 56.9, 56.5. 54.2, 53.9, 
52.2, 41.8. 38.9, 36.9, 36.3, 35.3, 31.6, 30.8, 27.5, 24.1 and 14.7, LRMS: +ve ion 
382 [M+NaJ. -ve ion 358 [M-H]. 

The compounds of Examples 32 to 59 were prepared by analogy with Example 7, 
Method II, substituting the appropriate amine or amino acid amide/benzyl ester for 
tert-leucine N,N-diniethylamide in Step E. In some cases HOAt was used in Step E 
and hydrogenolytic deprotection (Step G) was performed under catalytic transfer 
conditions (cyclohexene, palladium on charcoal in ethanpl) 

Example 32 

2R-[(Fonnyl-hydroxy-amino)-rnethyl] -hexanoic acid-(1 R-dimethylcarbamoyl-2,2- 

dimethyl-propyl)-amide 



BN8DOCIO: <^W0.^99387D4A1JL> 
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Golourless Oil! LRMS: +ve ion 330 [M+H]; -ve^i^^ ; 

Example 33 

2R-[(Formyl-hydroxy-amino)-methyl]-hexanpic ^cid (1 S-dimethylcarbamoyl 
-2S-methyl- butyl)-amide 




White foam. LRMS: +ve ion 352 [M+Na], -ve ion 328 [IV1-H]. 



Example 34 > 



2R-[(Formyl-hydroxy-amino)-metliyl].|iexanoic acid (1 S-dimethylcarbamoyl- 
2-methoxy-2-methyl-propyl)-amide 



BN80OCID: <MO_JM307O4A1JL> 
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From racemic p-hydroxymethyh/aline. Djastereoisomer A. Colourless oil. LRMS: 
+ve ion 368 [M+Na], 346 [M+H], -ve ion 344 [M-H]. Dlastereoisomer B. LRMS: +ve 
ion 368 [M+Na], 346 [M+H], -ve ion 344 [M-HJ. 

Example 35 

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid (1 S-dimethylcarbamOyI- ^ 

2-hydroxy-2-methyj-propyl)-amide 




Colourless oil. LRMS: +ve ion 354 [M+Na], -ve ion 330 [M-H]. 



BNSDOOD: 'dND_jg8aa70M1JL> 
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Example afi 



2R-[(Formyl-hydr6xy-amino)-methyl]-h 
carbamoyi-iethylj-amicle \ 




Colourtess oil. LRMS: +ye ion 330 (M+H)v -ve ion 328 (M-H). 

; Example 37 ■' 



2R-[(F6rmyl-hydroxy-amino)-methyl]-hexanoic acid [IS-dimq^^ . > • 

hydroxy-phenyl)-ethyl]-amide V -^^^^ . r' 




OH 



Colouriess oil. LRMS: +V(B ion 402 (M+Na), 380 (M+H). 



BNSOOCtO: <»WO_W3«704A1JL^ 
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Example 38 . 

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid (1 S-dimethylcarbamoyi-2- 
naphthalen-2-yl-ethyl)-amide 



OH 



H 





Colourless oil. LRMS: +ve ion 414 (M+H). -ve ion 412 (M-H). 

Example 39 

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid {2-cyclohexyl-1 S-dlmethyl- 
carbamoyl-ethyl>-amide 



OH 




Y 

H O 




White foam. LRMS: +ve ion 392 (M+Na), 370 (M+H) 



BN8DOCID: <aWO_jMa07O4A1 JL> 
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Example 40 . 



2R^[(Formyl-hydroxy.amino)-methyl].hexanoic acid (1S^ 
methyl)-arhide 




Colpuriess oil. LRMS: +ve ion 350(M+H), -ve ion 348 (M^H). 

Example 41 

2.{2R.[(Formy|.hydroxy-amino)-nriethyl]-hexanoyl}.1^ 
S-carboxylic acid dimethylamide 




LRMS: +ve ion 398 (M+Na). 376 (M+H). -ve ion 374 (M-H). 



Example 42 

2R-[{Formy|.hydroxy-amino)-methyl]-hexanoic acid (4.amino.1S.dimethylcarbamoy|. 
butyl).amide 



BNBOOaD: ^..UBea07O4A1JL> 
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Colouriess oil. LRMS: +ve ion 345 (M+H), -ve ion 343 (M-H). 

Example 43 

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid (1 S-dimethylcarbamoyl- 
2-hydroxy-ethyl)-amide 




Colourless oil. LRMS: +ve ion 326 (M+Na), -ve ion 302 (M-H). 

Exannple 44 

N-Hydroxy-N-[2R-(4-methylrpiperazine-1-carbonyl)-hexyl]-formamide 



D N O DOC I D: ^WD_]W9B7D4A1JL> 
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LRMS: +ye ion 272 [M+HJ. 



Example 45 

N-Hydroxy-N-[2R-(morpholine4-carbonyl)-hexyi]-foTO^ .' 




■ . j1rM$: +ye ion 2ai (M+Na), 259 {M+H),.-ve ion 257 (M-H), ; ; • . 

■ A' Example 4S ' \ ^ 

;NrHydroxy-N^[2R-(2S-hydrbxymethyl^pyirro»dine-1-^^ 




LRMS: -ve ion 271 (M-H). 



BNSOOCIO! <MD_JMaS704A1JL> 
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gxamplg 47 

2R-[(Formyl-hydroxy-amino)-methyl]-:hexanoic acid (1S-hydroxymethyl-2,2-dimethyl- . 
propyl)-amide 




LRMS: +ve ion 289 (M+H). -ve ion 287 (M-H). 

Example 48 

2R-[(Fprmyl-hydroxy-amino)-methyl]-hexanoic acid (1S-methpxymethyl-2,2-dinlethyl- 
propyl)-amide 




LRMS: +ve Ion 303 (M+H), -ve ion 301 (M-H). 



BNBOOCID: ^MO_JNa8704A1JL> 
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ExamplfiiQ 



2R.[(Formyl-hydroxy-amino)-methyl]-hexanoic acid [1S-^^^^^ 
carbonyl)-2,2-dimetlnyl-propyl]^amide . 




LRMS; -ye ion 458 (IVI-H). 



Examplft sn 



2R-[(Formyl-hydrdxy^aimino)-methyl]^hexano^^ acid [1 S-(benzyl^phenethyi- 
cartDamoyi)-2,2-dimethyl-propyl^^^ 




LRMS: +ve ion 496 (M+H), -ve ion 494 (M-H). 



BNSOOOD: <WO__|M3a704A1JL» 
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ExamplQ 51 

2S-[(Formyl-hydroxy-amino)-methyl]-hexanoic add [2,2-dimethyl-1S-(pyrrolidine-1- 
carbonyl)-propyl]-amide 




LRMS: +ve ion 356 (M+H). -ve ion 354 (M-H). 

. Example 52 

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid [2,2-dimethyl-1S-(morpholine- 
4-carbonyl)-prppyl]-amide 




LRMS: +ve ion 372 (M+H). -ve ion 370 (M-H). 

Example 53 

2R:[(Foimyl-h ydroxy-amino)-methyl]-hexanoic acid [2,2-dimethy l-1 S-(4-methyl- 
pipera2lne-1-carbonyl)-propyl]-amide 



wo 99/39704 




BN80OCI0: «ttlO.^Ma07O4A1JL> 
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URMS: +ve;ibn 385 (M+H), -ve ion 383 (M-H). 

■■. ■ Example 54 ■': 

2R-[(Formyl-hydroxy-amino)-m(Bthyl].hexan^ 
piperidine-1-carbonyl)-p'ropyl]-amide - 




.. LRMS:.+ve ion 384 (M+H ■■'''-:] :;; 

•■■.f,:-S'' ■■■ ■-' ' v;^^ '■; Examnle 5fi ' 

; 2R-[(FbrrTiyl-hydroxy-:amino)-methyl]-hexanoic acid (1 s;-cyclohexylcarbamoyl-2,2- 
dlmethyj-propyl)-amide - • 



eNSOOOft <WK>__JM3a704A1JL> 
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. LRMS: +ve ion 398 (M+H), -ve ion 396 (M-H). 

. . Exgmple 56 

2R-[(Formyl-hydr9xy-anriind)-methyl]-hexanoic acid [1 S-(^^ ^ 
carbonyl)-2,2-dimethyl-propyl]-amide 




O 



LRMS: +ve ion 412 (M+H), -ve ion 410 (M-H). 

^ £xamc!fi57 

1-(2S-{2R-[(Formyl-hydroxy-amino)-nriethyl]-hexanoyiamino}-3,3-dim 
piperidine-4-carboxylic acid methyl ester 



.* wo 99/39704 
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LRMS: +ve ion 442 (M+H), -ve ion 440 (M-H). 

Examnlfi 5« 



2R-[(FonTiyl-hydroxy-amino)-methy(]-hexanbic acid [2,2-^^ 
quinoline-1-carbonyl)-propyl]-amide - . 




LRMS: +ve ion 424 (M+H), -ve ion 422 (M-H). 

Example 59' , 

2R-[(Formy|.hydrdxy.amino)-methyl].hexanolc acid [1 S-(3,4-dihydro-2H-quinoline- 
1-carbonyl)-2,2-dimethyl-propyl]-amide 



BN80OCI0: «*»O_J»WW0«»1JL> 
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LRMS:-veion416 {M-H). ^ 

Example 60 ^ 

2S-{3-Ethylsulfanymethyl-2R-[(formyl-hydroxy-amino)-methyl]propra amino}- 
3 , 3 , N , N-tetra meth y I buty ra mide 




A synthetic route to the title compound is outlined in Scheme 4 and is described in 
detail below. 



BNGOOCiO: ^MO_|Na8704A1JL^ 
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Scheme 4 




CO crX 
M to 

<£ Z Q 



BNSDOaO: <«MK>_jM80nMA1 JL^ 



SUBSTITUTE SHEET (RULE 26) 



. wo 99/39704 i PCT/GB99/00386 

81 • 

? ' ' ■ - 

Step, A: 2-Ethylsulfanylmethyl-acrylic acid 

A mixture of malonic acid (5.2 g. 50 mmol). paraformaldehyde (3.3 g, 1 10 mmol). 
dicyclohexylamine, 9.95 ml. 50 mmol) arid ethanethiol 4.06 ml. 55 mmol) in droxane 
(120 ml) was heated at 70 °C for 2 hours. The solvents were removed under 
reduced pressure, the residue was redissolved in ethyl acetate and the solution was 
extracted with saturated aqueous sodium hydrogen carbonate (4x20 ml). The 
combined aqueous layers were washed with ethyl acetate (20 ml) then acidified with. 
1 M hydrochloric acid. The resulting suspension was extracted into dichloromethane 
and the solution was dried over anhydrous magnesium sulfate, filtered and 
evaporated to provide the title compound as a white solid (3.76 g. 52%). ^H-NMR; 5 
. (CDCI3). 9,89 (1H. br s). 6.35 (1H. s). 5.77 (1H. s). 3.39 (2H. s). 2.49 (2H. dd, J=7.4. 
14.5 Hz) and 1.25 (3H. t. J=5.2:Hz). 

Step B: 4S-Benzyl-3-(2-ethylsulfanylmethyl-acryloyl)-5,5-dimethyl-oxazolidin-2-one 

2-Ethylsulfanylmethyl-acrylic acid (3.76g, 25.8mmdl) was dissolved in dry THF (75 
ml) and cooled to -78 °C under a blanket of argon. Triethylamine (4.6 ml, 33.5 
mmol) and pivaloyi chloride (3.17 ml, 25.8 mmol) were added at such a rate that the 
temperature remained below -60 °C. The mixture was stirred at -78 °C for 30 
minutes, warmed to room temperature for 2 hours and finally cooled back to -78 °C. 

In a separate flask. 4S-benzyl-5.5-dimethyl-oxazolidin-2-one was dissoved in dry 
THF (75 ml) and cooled to -78 °C under a blanket of argon. n-Butyllithium (2.4M 
solution in hexanes. 1 2.9 ml. 30.9 mmol) was added slowly and the mixture was 
stirred for 30 minutes at room temperature. The resulting anion was tranferred via a 
cannula into the original reaction vessel. The mixture was allowed to warm to room 
temperature and stirred overnight at room temperature. The reaction was quenched 
with saturated sodium hydrogen carbonate (20ml) and the solvents were removed 



under reduced pressure. The residue was partitioned between ethyl acetateand 

water. The organic layer was washed successively with saturated sodium hydrogen 



D W O DOCi a <V«3__W3«7D4A1JLj> 
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carbonate. 1 M hydrochlorlcacid and bm^ . , 

sulfate, filtered and concentrated under reduced pressure. The residue Was purified 
by flash chromatography (silica gel. 20% ethyl acetate in hexane) to provide the title 
compoundasayellowoil.(6.5g.:76o/o). 'H^NMR; 6 (Cbcy. 7:29 (5H. m). 5 58 (1H 
s). 5.49 (1H. s). 4,54 (1H. dd. J=3. 9. 9.7 Hz). 3:52 (2H, dd. J=15.8. 3.1 Hz) 3 38 ' 
,(1H, dd. J=3.9. 14.5 Hz). 2.84 (1 H. dd. J=4.6. 14.3 Hz). 2.52 (2H. dd J=7 2 14 6 

Hz). 1.42 (3H. S). 1.29 (3H..s)and 1.22 (3H, t. J=7.5 Hz). LRMS: *ve ion 356 ^ 
(M+fsIa), 334 (M+H). , ' ^ ^ ^ ; ^ . . ' 

Step C: 4S-Benzy|.3-[2R-terf.butoxyarTi^h9^^^^^ 
5.5-dlmethy!-oxazolidin-2-one r . V 

4S.Benzyi.3.(2-ethylsulfanylmethy|.acryloy! ^ g ; 

. .6.3 mmpl) was dissolved in ethanol (10 ml) and 0-teA?-butyl-hydroxylamine ' ' 
hydrochloride (0:95 g. 7.56 mmol) was added, followed by triethyl^mine ( 1.1 ml 7 87 
mmol). The mixture was stirred at 30 Xovet-night the^^^^^^ 
under reduced pressure an(d the residue vvas dissolved in ethyl acetate. The organic 
solution.was washed succesively with 1,M hydrochloric acid, saturated sodium 
hydrogen carbpriate and brine..dried over anhydrous magnesium sulphate arid 
«'t^red. The filtrate was concentrate^ 

compound as a pale yellow oil (2:42 ,g. 9t%;.single diastereolsomer by HPLC) ' ' 

. ^H-NMR;.6 (Cbcy. 7.30 (5H. m); 5.09 (1H. br s). 4.54 (1H. dd. J=3.5, 9.9 Hz) 4 33 ^ . 

; (1 H. m). 3.1 9 (2H. m). 3:08 (I H. dd. J=5.4, 1 1.8 Hz). 2.80 (3H. rri). 2.56 (2H dd 

J==7.4. 14:7 Hz). 1.41 (3H. S); 1.36 (3H. S), . 1:23 (3H 
LRMS: +ve ion 423 (M+H). 

Step D:2R-teAt-butoxyamino-methyl).3-ethylsulfanylmethyl-proRionic acid - 

A solution of 4S-Benzyl-3-[2R-tert-butoxyamino.methyl)-3-ethylsulfanylmethyl- 
propionyl]-5.5-dimethyl^xazolidin.2-one in (2.42 g. 5.72 mmol) THF (40ml) was 
cooled to 0 "C and a solution of lithium hydroxide. (288 mg. 6.86 mmol) in. water (10 



BN800CID: <WO_^»aW)MA1JL> 
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ml) was added. The mixture was allowed to wamri to room teniperatare then stirred 
for 5 hours. The solvent was removed under reduced pressure and this residue was 
partitioned between water and ethyl acetate. The aqueous layer was removed and 
the ethyl acetate layer was washed successively with water and saturated sodium 
hydrogen carbonate. The combined aqueous layers were washed with ethyl acetate 
(20 ml) before acidifying with 1 M hydrochloric acid. The resulting emulsion was 
extracted with dichloromethane (3x20 ml) and the combined organic layers were 
dried over anhydrous magnesium sulfate, filtered and evaporated to provide the title 
compound as a colourless oil (0.68 g, 50%). ^H-NMR; 5 (CDCI3). 8.03 (2H. br s), 
3.21 (2H, d. J=6.1 Hz). 2.89 (2H, m), 2.75 (1H, m). 2.57 (2H. dd. J=7.4, 14.8 Hz). 
1 .26 (3H, t, J=7.4 Hz) and 1 . 18 (9H, s). LRMS: +ve ion 236 [M+H], rve ion 234 M- 
H]. 

Step E: A solution of 2S-(2R-(feAt-butoxy-amino-methyl)-3-ethylsulfanylmethyl- 
propionyl amino}-3,3,N,N-tetramethylbutyramide 

2R-feft-butoxyamino-methyl)-3-ethylsulfanylmethyl-pfopionic acid (340 mg, 1.44 mol) 
was dissolved in DMF (10 ml) and fe/t-leucine-N,N-dlmethylamide (272 mg. 1.73 
mmol), HOAt (19.6 mg, 0.14 mmol) and EDC (331 mg, 1.73 mmol) were added. The 
reaction was stirred overnight at room temperature. The solvent was removed under 
reduced pressure and the residue was dissolved in dichloromethane. The organic 
solution was washed successively with 1 M hydrochloric acid, 1 M sodium carbonate 
and brine, dired over anhydrous magnesium sulfate and filtered. The filtrate was 
concentrated under reduced pressure to provide the required product as a ' 
colourless oil (440 mg, 82%). ^H-NMR; 5 (CDCI3). 6:87 (IN. d. J=9.0 Hz), 5.1 1 (1H, 
- br s), 4.93 (1H, d. J=9.3 Hz). 3.15 (3H, s), 3.11 (IH. m), 2.95 (3H, s), 2.79 (3H. m), 
2.54 (3H, s), 1.22 (3H, t, J=7.6 Hz), 1.18 (9H, s) and 1.01 (9H. s). LRMS: +ve ion 
398 [M+Na], 376 [M+1]. ' 



Step F; 2S-{2R-((ferf-Butoxy-formyl-amino)-methyl]-3-ethylsulfanylmethyl-propiotTyr 
amino}-3.3.N.;N-tetramethylbutyramide - 



BN8OOCID: '<!MID__IMa0nMA1JL> 
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Asplution of 2S-(2RKfert-butoxy-amino-m 

amiho}-3,3.N.N-tetramethylbytyram (220 mg. 0.58 mmol) in dichlormethane (5 ml) 
was cobied to 0 °C and treated;wi^^^^^^ ml). The reaction 

/ was stin^d at room teniperature for 4 hours, then the solvent was evaporated under V 
. ■; reduced pressure. The residue was purified by flash chromatography (silica gel. 
50% ethyl acetate in hexane as eluent):to provide the title compound as a colourless I 
-oil (120 mg, 52%)^ ^H-NMR; 5 (GDCI3. rotamers)v 8,31 (1H; br s).6;56;(tH..d;:^ ^ v 
. J=9:iH2). 4.94 (0.33H. dv.J=9:4 I^V4.88 (0.67H; d,:J=9;2 Hz); 4.08 (0:67^^^^ 
; 3.83 (1 .34H. br m), 3:13 (3H.: s). 2.95,(3H,;S). 2,bo (2N, m). 2.61 (1 H, dd. J=e^8/ 14:q 
2.49(2H/dd.:j=7.4.;i4^ 1,29 (9H^S(). i:25 (3N. t. J^7.2 Hz)irid ^99^^^ 
s), LRMS: +ve ion 426 [M+NaJ,; 404 [M+H]- 

Step G: 2S-^3-Ethylsulfanymethyl-2R-[(f6miyl-hydr^^ 
amino}-3,3,N,N-tetrarnethylbutyramide 

' ' A solution of 2S-{2R-[(te/f-butoxyrformyl-amino^methyl]-3-ethyls^ . . ' 

propionyl aminp}-3,3.N^^ 

: deuterochlorofonTi (1 n^^ treiated with TFA (4 ml) and allowed to stand at 4 °C 
ovemight; The sol vetitis were renioved under. redUcol pre^^ 
was removed, by azeotropirig vyith toluene. ^ Thfe residue: was purified by preparativ^. 
. HRLC to provide 

_ ■ diastereorriers by :HPLC);>^^^^^ (O^SSH. s). 7.87 / >, \ 

; (0-67H. s).'7,24 (0.33H. d. J=9.3 Hz),;6.9^^ 
: V J=9;3 Hz).- 4.9a (0:33H.jd; J= 
, : dd. J=8^;14.2 Hz). 3.75:(0:67H. m). .\ 
- 3.05 (IH.m). 2,96 (3H.:s:).^2.77.(1Hv m). 2.66 (la^ 

1 .22: (3H. t.. J=7.3 Hz). 0.99 (3H, s) and 6:96 (6H. s), "C-NMR; 5 (CDCI3.. rotamers); . 
173.3. 171.6, 171.2. 55.2. 54:8. 51.1, 48.5. 45.2. 44.4. 38.5, 38.4, 35.9. 35.8, 35.7. 
31.7. 31.4, 26.7, 26.6. 26.5 and I4.6, LRMS: +ye ion 370 [M+Na]. 348 [M+HJ, -ve 
ion 346:[M-H]. 

The compound of Example 61 was prepared simiiariy using piperidine in place of 
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Example 61 
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2-{2-[(Formyl-hydroxy-aminp)-methyl]-3-piperidin-1-yl-pro 
tetramethyl-butyramide 




White solid (4:1 mixture of diastereoisomers by HPLC). ^H-NMR; 5 (CDCI3, 
rotamers). 8.29 (1H, s). 7.95 (1H, br s). 4.87 (1H, d. J=9.1 Hz). 4.02 (1H, dd, J=5.0, 
14,6 Hz), 3.56 {1H,.dd, J=8.2. 14.6 Hz), 3.14 (3H, s), 2.96 (3H. s). 2.89 (1H, m), 2.69 
(1H, m). 2.52 (5H. m), 1.65 (4H, .m), 1.49 {2H, m) and 0.99 (9H, s). ^^C-NMR; S 
(CDCI3). 172.2. 171.3, 60.4, 55.0, 54.9, 48.6, 42.4, 38.8, 36.2, 36.1, 27.0, 25.6 and. 
24.3. LRMS: +ve ion 371 [M+H], -ve ion 369 [M-H]. 

The compounds of Examples 62 to 65 were prepared by analogy with Example 7, 
Method II, substituting O-ferf-butylhydroxylamine for 0-benzylhydroxylamine in Step 
B and the appropriate amine or amino acid amide/benzyl ester for tert-leucine N,N- 
dimethylamide in Step E. Final deprotection was performed by acidolysis with TFA 
(see Example 60, above). . 

Example 62 

2R-[(Formyl-hydroxy-amino)-methyl]-hexanoic acid (1 R-dimethylcarbamoyl-2-methyl- 
-2-methylsulfanyl-propyl)-amide-^ - 
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Colourless Oil. ^H-NMR; 5 (CDCI3, rotamers). 8.4 (0.5H, s). 7.85 (0.5H. S), 7.1 1 
(0.5H. d. J=9.1 Hz), 6.93 (0.5H. d. J=9.1 Hz). 5.15 (1H. d. J=9.4 Hz), 3.90 (0,5H, m), 
3.73 (0.5H, m), 3.64 (0.5H. d. J=14.3 Hz), 3.48 (0.5H, dd, J=14.0. 3.9 Hz), 3.22 (3H, 
s). 2.97 (3H, 8), 2.83 (0.5H, m), 2.70 (0.5H. m), 2.07 (1.5H, s),"2.04 (1.5H. s). 1 .58 
; (1 Hi m), 1.36 (4H, m), 1.32 (3H, s), 1.28 (3H. s) and 0 
'='C-NMR; 5 (CDCI3. rotamers), 175.4,173.5. 170.8, 63.6, 53.2, 53. 
47,5, 46.1, 44.9. 41.6. 37.5. 36.5, 36.4, 35.4, 30.2. 29.8. 28.0, 14.3. 12.0 and 1 1,9. 
LRMS: +ve ion 362 [M+H], ^ve ion 360 [M-H]. 

^ Example 63 - 

2R-[(Formyl-hydroxy-amino)-methyl]-hexanolc acid {2-benzylsulfanyU1 R-dimethyl- 
carbamoyl-2^methyl-propyl)-amide 




White foam. 'H-NMR; 6 (CDCI3. rotamers). 8.37 (0.33H. s). 7.81 (0.66H. s), 7.31 
(5H. m). 7.06 (0:33H, d, J=8.8 Hz), 6,89 (0.66H, d. J=9.3 Hz), 5.20 (1H; d, J=9.3 Hz), 
3.94;:(.q,33H. dd. J=8.3. 14.6 Hz). 3.78 (2.66H. m). 3.61 (0.33H. dd. J=3.5. 14.4 Hz). 
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3.42 (0.66H, dd. J=5.1. 14.9 Hz). 3.21 (3H. s). 3.03 (3H, s). 2.82 (0.66H. m). 2.69 
(0.33H, m). 1.61 (1H, m). 1.42 (1H, m). 1.37 (3H. s). 1.32 (3H. s). 1.26 (4H. m) arid 
0.86 (3H. t, J=ef.6 Hz). '=»C-NMR: 5 (CDCI3, rotamers), 175.3. 173.5. 171 .0. 138.1 . 
137.4, 129.5. 129.3. 129.1. 129.0. 128.9. 127.6. 127.4. 55.9, 53.7. 52.5, 51.2. 49.6. 
49.5. 46.1, 44.9. 39.0. 38.6, 36.6. 36.4. 33.9. 33.7. 30.3, 30.1, 29.7, 26.7, 26.1, 25.7, 
25.5. 24.2. 22.9 and 14.3. LRMS; +ve ion 460 [M+Na], 438 [M+H], -ve ion 436 
[M-H]. 

Example 64 

2R-[(Formyl-hydroxy-amlno)-methyl]-hexanoic acid [2-benzylsulfanyl-2-methyl- 
1R-(morpholine-4-carbdnyl)-propyl]-amide 




White foam. 'H-NMR; 6 (CDGI3. rotamers). 8.44 (0.5H. s). 8.37 (0.5H. s). 7.30 (5H. 
m), 6.88 (0.5H. d. J=8.3 Hz). 6.78 (0.5H. d. J=9.2 Hz). 5.12 (1H, d, J=9.5 Hz), 3.91 
(1H. dd; J=8.2. 14.6 Hz), 3.78 (10H, m), 3.45 (1H,.dd, J=4.5. 14.2 Hz). 2.80 (0.5H. 
m). 2.64 (0.5H. m). 1.61 (1H. m). 1.41 (1H. m). 1.36 (3H. s). 1.33 (3H. s). 1.29 (4H, 
m) and 0.87 (3H, t. J=6.8 Hz). "C-NMR; 6 (CDCI3. rotaniers), 175.5, 173.4, 169.4. 
137.8,129.5. 129.3. 129.1. 129.0, 127.8, 127.5. 67.1, 67.0. 53.3, 53.2, 51.99, 49.6, 
49.5. 49.2, 47.9, 46.5. 45.0, 43.2, 43.0, 34.0, 30.3, 30.2, 29.7, 26.8, 26.5, 25.9, 25.8. 
22:9-and-1-4T37^tRMS:-+veion-502-[M+Na]r480-tM+H]7-ve ion 478 [M-H]r— — 
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Example fifi 



2.[(Formyl-hydroxy-amiho)-methyl]-hex acid [2.ben2ylsulfanyl-2-methyl- 1 R (or 
SH4-methyl-piperidine-i -c:arb6nyl)-propyl]-aitiide. ^ 




.Dlasfereoisqrner A. White. solid, LRIVIS; +ve ion 514 [M+Na], 492 [M+H], -ve ibn 

490 [ivf-Hj.. , ^''V/- />':; ■■■■ ■ - -; 

DiastereoispiTier B. Golourless gum. LRMS: +ve ion 514 [M+Na], 492 [M+H], 



ve 



the compounds of Examples 66 to 68 were prepared by analogy with Examples, 
Method II, substituting the appropriate malonic acicfor butylmalohic acid in StejD A. 
. 6^te/t-butylhydroxylamine for O-benzylhydroxylamirie in Step C. Stereoselectivity i. 
, the Michael addition was variable.; Final deprotection was performed by acidolysis 
with TFA (see Example 60, above). • - 



Example 66 



2R-[(Formyl-hydroxy-amiho)-methyl]-pent-4^ndic acid (1 S-dimethylcarbamoyl-2:2- 
dimethyl-propyl)-amide 
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Single diastereoisomer. 'H-NMR; 5 (CDCI3, rotamers), 8.40 (0.25H, s), 7.84 (0.75H, 
S). 7.05 (0.35H, d, J=9.0H2). 6.74 (0.65H, d, J=:9.3Hz). 5.70 (1H, m), 5.03-5.24 (2H, 
m), 4.88 (1H, dd. J=9.4, 6.7Hz), 3.98 (0.5H, m), 3.81 (0.5H, m). 3.55 (1H, m), 3.14 
(3H. s). 2.97 (1.3H, s). 2.96 (1.7H, s). 2.75-2.92 (1H. m), 2.16-2.50 (2H. m). 0.98 
(4.5H, s) and 0.94 (4.5H, s). LRMS: +ve ion 336 [M+Na], -ve ion 312 [M-HJ. 

Example 67 

2R-[(Formyl-hydroxy-amino)-methyl]-hex-5-enoic acid (1 S-dimethylcarbamoyl-2,2- 
dimethyl-propyl)-annide 




Diastereoisomer A: colourless oil. 'H-NMR; a (CDCI3, rotamers), 8.42 (0.45H, s). 
7,84 (0.55H, s), 6.78 (0.45H. d. J=8.4Hz), 6.60 (0.55H. d, J=9.3Hz). 5.74 (1H. m). 
5.03 (2H, m),4.88 (1H. ni). 4.14 (0.4H, m), 3.81 (0.6H, m),3.55 (1H. m). 3.16.(1 H, 
s). 3.15 (2H, s), 2.98 (1H, s), 2.97 (2H. s). 2.85 (0.7H. m). 2.68 (0.3H. m), 2.07 (2H. 
m). 1.73 (1.6H, m). 1.50 (0.4H. m), 0.99 (4H, s) and 0.95 (5H, s). LRMS: +ve ion 

350_[M-»-Nal . -ve ion 326 FM-Hl, ' 

Diastereoisomer B: colourless oil. 'H-NMR; 6 (CDCI3, rotamers), 8.41 (0.5H, s). 
7.75 (0.5H, s), 6.58 (0.5H. d. J=9.1Hz). 6.36 (0.5H. d. J=9.1Hz). 5.75 (1H, m). 5.01 



>'(■■ 
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(2H, m), 4.86 (0.5H. d, J=9:5Hz). 4.64 (0.5H, d. J=7.5Hz). 3.42-3.8^ (2H. m). 3.22 
(i :5H. s). 3.07 (1.5H. s), 2.99 (3H; s). 2.87 (0.5H. m). 2.66 {0.5H. m). 2.13 (2^ m) 
1.81 (1H. m). 1.49 (1H. m). 1:02 (4.5H. s) and 1.00 (4.5H. s). LRMS: *ve ion 350 
[M+Na], -ve iori 326 [M-H]. \ 



. ; Example 

, 2R<(Formyl-hydroxy-anriino).methyl]-he)^^^^^ 
dinriethyl-propyl)-amidi3 . ' . 




Diastereoisomer A: colouriess oil. <H-NMR; 6 (CDCI3. rptamers). 8.39 (O' 4H: s). .7:87 
(0.6H. s). 7.20 (0.4H. d; J=8.4H2). 6.94 (0.6H. d, J=9.3M2). 4.90 (1H. m)! 3:66^.14: 
(2H. m). 3.16 (2H. S)J.1^(2H. s): 2.96 (3H.SK 2:88 (iH m). 2.41 (2H. m); 1.77 
(3H. m). I.OO.CSrSH; s) and. 0.96 (5.5H; s). LRMS: +ve Ion 348 [M+Na], -ve ion 324 

Piasterebisomer Br Colourless oil. ^H^NMR; 5 (COa,, rotamers). 8.37 (Q:5H; s). 
7.81 (0.5H. s). 6.87 (1 H. m). 4.91 (0.5H. d. J=9.4H2). 4.79 (0.5H. d. J=8.2Hz).'3!76 
(1.5H. m). 3.63 (0.5H. m). 3.19 (1 .SH. s)' 3.14 (1.5K s). 2.98 (3H. s). 2.85 (1H. s). ' 
2.41 (2H. m). 1.77 (3H; m). 1.03 (4.5H. s) and' l.OI (4.5H. s). LRMS: 4.ve ion 348* 
[M+Na], -ve ion 324 |M-H]. 

2R-[1 R (or SHFormyl-hydroxy-amiho)-ethyl]-hexanoic acid (i S-dimethylcarbamoyI- ' 
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2,2-dimethyl-propyl>-amicle 




The title compound was prepared according to the route outlined in Scheme 5 and 
as described in detail below: 




SUBSTITUTE SHEET (RULE 26) 
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Step A: 4-Benzyl-3-hexanoyl-oxazolldin-2-one 

4S-Ben2yl-oxazolidin-2-one (14.5 g, 81 .7 mmol) was dissolved in dry TIHF (75 ml) 
under an argon atmosphere. The solution was cooled in an ice bath before slow 
addition of n-butyllithium (1 .6 M in hexanes, 56 ml, 89.2 mmol). The lithium salt 
crystallised from the solution as a solid mass and was allowed to warm to room 
temperature overnight. The resulting orange suspension was cooled again in an ice 
bath during the addition of a cold solution of hexanoyi chloride (10.4 ml, 74.3 mmol) 
in dry THF (50 ml). The mixture was left to warm to room temperature and was then 
stirred for 3 hours. The reaction was quenched with 1 M sodium carbonate solution 
(5 ml) and the solvent was removed under reduced pressure. The residue was 
partitioned between 1 M sodium carbonate (100 ml) and ethyl acetate (150 ml). The 
organic layer was removed and the aqueous layer was extracted with more ethyl 
acetate. The combined organic layers were washed successively with water, 1 M 
sodium carbonate and brine, dried over anhydrous magnesium sulphate and filtered. 
The filtrate was concentrated to leave an orange oil. Purification by flash 
chromatography afforded the title compound as a yellow oil (10.21 g, 50%). 
^H-NMR; 5 (CDCI3), 7.38-7.24 (3H. m), 7.24-7.16 (2H. m), 4.68 (1H. m). 4.24-4.12 
(2H. m). 3.30 (1H. dd. J=13.4. 3.2 Hz), 3.02-2.86 (2H, m). 2.77 (1H, dd. J=13.4, 9.6 
Hz), 1.77-1.63 (2H, m). 1.44-1.30 (4H, m) and 0.92 (3H, br t, J=6.9 Hz). 

StepB: 1-(4SrBenzyl-2-oxooxazolidin-3-yl)-2R-butyl-butane-1,3-dione 

4-Benzyl-3-hexanoyl-oxazolidin-2-one (t6.2g, 37.1 mmol) was dissolved In THF 
(150ml) under an argon atmosphere and cooled to -78 "C. Lithium 
hexamethyldisilazide (1 M in THF, 41 ml, 41 mmol) was added via a cannula over a 
few minutes and the resulting green solution was stirred at r78''C for 2 hours. Acetyl 
chloride (3.3 ml, 46i3 mmol) was added slowly and the reaction mixture was stirred 
for 3.5 hours. A solution of citric acid (3.0 g, 14 mmol) in water (15 ml) was added 
quickly to quench the reaction. The solvent was removed under reduced pressure 
and the residue was partitioned between ethyl acetate and water, washed with brine. 
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dried over anhydrous magnesium sulphate and filtered. '■■ The filtrate was 
concentrated to provide the title compound as a yellow oil (12.11 g. contains residual 
solvent) which was used without further purification in Step C. 'H-NMR- 5 (CDCI3). 
7.37-7.21 (5H. m). 4.68 (IH. m). 4.53 (1 H, dd. J-9.6, 37 Hz)/4.23-4.13 (^^ 
. 3.43 (IH. dd. J=13.5. 3.3 Hz). 2.75 (IH. dd. J=13.5. QiQ Hz), 2:33 (3H. s)! 2.03 (IIH. 
m), 1.77 (1H. m). 1.46-1.26 (4H, hi) and 0.98:0.86. (3H. m). 

Step C: 1-(4S.Benzy|-2-oxo-oxa2olidln-3-yl)-2R-butyl-bu^ .3-dione 3-(0-benzyl- 
'oxim"e> 

To a solution of 1-(4S-benzyl-2-oxo-oxazolidin-3-yl)-2R-butyl-butane-1,3-dione 
(12.1 1g. 38.15mmol) in water (10ml) and ethanol (90ml) was added sodium acetate 
(3.7.5g, 45.78mmor) and O-benzyl hydroxylamine hydrochloride (7.31g, 45.78mmbl). 
the resulting suspension Was left to stir at room temperature ovemight. The product 
(7.3g, 45%, single oxime Isomer) crystallised directly from the reaction and was 
filtered, washed with aqueous ethanol (1:1) and dried under vacuum. Further 
hiaterial (5.31 gi 33%, rhixture of oxime isomers) was obtained as a yellow oil from ' 
the mother liquors by acid-base extraction followed by column chromatography. 
'H-NMR; 5 (GDCIa, major oxime isomer). 7.34-7.20 (8H. m), 7. 12-7.07 ,(2H. m), 5.14- 
5.02 (2H. m), 4.53 (I H, m). 4.13 (1H, dd, J=9.4, 4.0 Hz), 4.04 (I H, br t, J=8.4 Hz), : 
3.91 (1H,.dd. J=9,0. 2.7 Hz). 3.16 (IH, dd, J=13.4,.2.9 Hz), 2.09 (3H, s), 1.97 (1H, 
m). 1.75 (1H. dd. J=13.4, 10.8 Hz). 1.67 (IH. m). 1:45-1.22 (4H. m) and 0.91 (3H. br 
t, J=6.9 Hz). . • 

Step D: 4S-Benzyl-3-[2R-(1R (or S)-behzyloxyarniho-ethyl)-hexanoyl]-oxazblidin- 
2-ohe 

The mixture of oximes fonn Step C (5.31 g, 12.5 mmol) was dissolved in acetic acid 
(30 ml) and cooled in an ice-water bath before addition of sodium cyanoborohydride 
(0.8 g, 12.5 mmol) in one portion. Effen/escence subsided after a few minutes and a 
a further portion of borohydride (0.8 g) was added. The reaction was allowed to 
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warm to room temperature and stirred overnight. The acetic acid was removed 
under reduced pressure and the residue was azeotroped with toluene. The resulting 
oil was dissolved in ethyl' acetate, washed with water. 1 M sodium carbonate and [■ 
brine, dried over anhydrous magnesium sulphate and filtered. The filtrate was 
evaporated to leave a pale yellow oil which was purified by flash chromatography 
(silica gel, 10% to 25% ethyl acetate in hexane as eluant). Yield 3.43 g, 64%). 
^H-NMR; 5 (CDCI3, mixture of a-diastereoisomers), 7.36-7.17 (10H, m), 5.80 (0.45H, 
br s), 5.55 (0.55H, br d, J=8.9 Hz), 4.72-4.59 (3H. m). 4.20-4.05 (2H. m). 3.97 . 
(0.45H, m), 3.82 (0.55H, m), 3.47-3.22 (2H. m). 2.45 (1H, m), 1 .90-1 .48 (2H, m), 
1.40-1.14 (7H, m) and 0.95-0.84 (3H, m). 

Step E: N-[2R-(4S-Benzyl-2-oxo-oxazolidine-3-carbonyl)-1 R (or S)-methyl-hexyl]- 
N-benzyloxy- formamide ^ 

4S-Benzyl-3-[2R-(1 R (or S)-benzyloxyaminoi-ethyl)-hexanoyl]-oxazolidin- 2-one (3.08 
g, 7.3 mmol) was dissolved in dry THF and treated with N-formylbehzotriazole (1 .60 
g, 10.9 mmol). The reaction was stirred for 4 hours at room temperature. The 
.solvent was removed under reduced pressure and the remaining oil was partitioned . 
between dichloromethane (40 ml) and 1 M sodium hydroxidie solution (30 ml). The . 
organic layer was removed, washed with more sodium hydroxide then brine, dried 
over anhydrous magnesium sulphate, filtered and evaporated. Purification by flash 
chromatography (silica gel, 20% to 50% ethyl acetate in hexane) gave the title 
compound as a pale yellow solid (2.50 g, 76%. /H-NMR; 5 (CPGI3, mixture of a- 
diastereoisomers and rbtamers), 8.22 (1H. br m), 7.54-7.13 (10H, m), 5.22-3.92 (7H, 
brm), 3.30 (1H, m). 2.48 (1H. br m), 1.85-1.13 (9H, br m) and 0.93-0.83 (3H, m). 

Step F:. 2R-[1R (or S)-(Ben2yloxy-formyl-amlno)-ethyl]-hexanoic acid . • 

N-[2R-(4S-Ben2yl-2-oxo-oxa2olidine-3-carbonyl)-1 R (or S)-methyl-hexyl]-• 
N-benzyloxy- formamide (1 .50 g. 3.31 mmol) was dissolved in THF (25 ml) and 
water (5 ml) and the solution was cooled in an ice-water bath. Hydrogen peroxide . . 
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:solution (27% vy^^. 13:26. rrim^^^ ^ . 

hydroxide (167 mg. 3.98 mmol). The.reaction was allowed to warm to room^ ^ ' 
temperature and stirred for a further 3 hours, the solution was cooled again before 
addition ofsodium nitrite (0.92 g. 13.3 mmol). After 10 minutes, most of the solvent^^ 
was removed under reduced pressure to leave a white ^aste which was partltlo^^^^^ 

-between ethyl acetate (25 ml) and 1M sodium carbonate (30 ml): .The organic layer 
was washed with more sodium carbonate solutidh andthe combm^ aqtieous" ? V 
extracts were washed with ethyl acetate. The aqueous layer was^ c^^^^ : 

acidified with 1 M hydrochloric acid and extracted twicer with ethyl acetate. The 
: ' combined organic layers were washed with brin6; dried-ov^ anhydrous magnesium ' 

sulphate, filtered and evaporated to provide the title compound as a green oil (839 
- ; mg, 86%). ,^ H-NMR; 5 (CDCI3: mixture of d-diastereoisoniers and rotamers) 8 ' 

7.64 (2H. br m). 7:48.7:27 (5H. m). 5.23-4.80 (2H. m):4; 16 (IH/br m). 2.79 (IH;^^^^ 

1:67-1.47 (2H. m), 1.47-1.18 (7H. m) and 0.95-0:82 (3H. m). • / : ^: 

Step G: 2R-[1 R (or S)-(Ben2yloxy.forrny|.amlrio):e^ acid (1 S-dirriethyl- : 

carbamoyl-2,2-dlmethyl-propyl)-amlde : ' ^ ; • ; . 

2Rt[1R (or S)-(Benzyloxy-fprmy|-amlho)-ethyl]-hexanoic acid^ mg. 2.86 mmol) 
teft^leucine N,M.dimethyl amide.(498 mg. 3.15 mmdl) and EDC (658 mg. 3.43 mmol); 
were dissolved together in DMF (1 5 ml) and a catalytic amount of HOAt (60mg) w^s " 
added. The solution was left to stir for several days at room temperature. The-.r Cv 
solvent was removed under reduced pressure ^nd th^ remaining oil was' partitioned 
between ethyl acetate and 1 M hydrochtodc add:(75:;,^o3e orgam^ was " ^ 
washed successively with 1 M hydrdchloric acid. 1 M sodium carbonate and brine; ' - " 
dried over anhydrous magnesium sulphate filtered and evaporated to leave a yellow 
foam (1.08 g, 82%). 'H-NMR; 5 (GDCI3. rnlxture of a-diastereoisomers and 
rotamer^). 8.13 (1H. br m). 7.52-7.31 (5H. m). 6.28 (1H. br m). 5.36-4.67 (3H br m) 
4.09 (1H. br m). 3.14 (3H. s). 2.95 (1.2H. s). 2.93 (1.8H. s). 2.48 (1H. br m). 1.61- ' 
1.04 (9H, m). 0.99 (3.6H. S). 0.95 (5.4H.S) and 0.89-0.75 (3H.m). " 
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Step.H: 2R-[1R (or S)-(Formyl-hydroxy-amino)-ethyl]-hexanoic acid (1S-dimethy»- 
carbamoyl-2,2Tdimethyl-propyl)-amide 

2R-[1 R (or S)-(Benzyloxy-formyl-amlno)-ethyl]-hexanoic acid (1 S-dimethyl- 
carbamoyl-2.2-dimethyl-propyl)-amide (200 mg, 0.46 mmol) was dissolved in ' 
methanol (15 ml) and placed under a blanket of argon. A suspension of 10% 
palladium on charcoal (20 mg) in ethyl acetate was added and the mixture was 
stirred under an atmosphere of hydrogen for 3 hours. The catalyst was removed by 
filtration and the filtrate was evaporated to leave a colourless oil (163 mg^ quant). 
The two diastereoisomeric products were separated by preparative HPLC. 
Diastereoisomer A (27mg): ^H-NMR; 5 (CDCI3, mainly one rotamer), 8.67 (0.9H. br 
s), 8.33 (0.1 H. br s). 7.92 (1H. s). 6.74 (0.1 H, br m). 6,54 (0.9H. d. J=9.4 Hz), 4.93 
(0.9H. d. J=9.4 Hz). 4.64 (p. 1 H, br m), 3.89 (IN, qd. J=6.6, 2.6 Hz). 3.1 6 (3H, s), 
2.96 (3H. s). 2.62-2.48 (1H, m). 1.52-1.06 (6H, m). 1.35 (3H. d, J=6.6 Hz). 1.00 (9H. 
s) and 0.82 (3H. t, J=6.9Hz). ^^C-NMR; 5 (CDCI3), 173.0. 171.3. 57.2. 54.4. 50.4. 
38.4. 35.6. 29.9. 29.1 . 26.6. 22.5, 17.2 and 13.9. LRMS: +ve ion 366 [M+Na], -ve 
Ion 342 [M-H]. 

DlastereoisofTier B (42m(g): 'H-NMR; 6 (CDCI3. mixture of rotamers). 9.15 (0.6H, s). 
8.60 (0.4H. brs). 8.42 (0.6H. s). 7:84 (0.4H, s). 6.83 (0.6H, d. J=9.2 Hz). 6.55 (0.4H.^. 
d. J=9.4Hz), 4.91 (0.6H. d, J=9.2 Hz). 4.89 (0.4H. d, J=9.4 Hz), 4.69 (0.6H, qd. 
'j=7.0, 4.3 Hz), 3.92 (0.4H. dq. J=9.1. 6.8 Hz), 3.15 (3H. s). 2.97 (1.8H. s). 2.95 ' 
(1.2H, s), 2.59 (0.4H, td. J=9.8, 4.3 Hz). 2.39 (0.6H, td, J=7.4. 4.3 Hz). 1.92-1.07 
(6H. m), 1,37 (1.2H, d. J=6.8 Hz), 1.31 (1.8H, d, J=7.0 Hz). 1.01 (5.4H. s). 0.96 
(3.6H. s). 0.85 (1.8H. t. J=7.2 Hz) and 0.83 (1.2H. t. J=7.2 Hz). ^=»C-NMR; 6 (CDCI3, 
mixture of rotamers), 175.7. 173.2. 171,3. 170.7, 56.7, 55.0, 54.4, 53.2, 50.8, 49.9. 
.38.3. 35.7. 35.6. 35.5. 35.4, 30.3. 29.5. 29.3, 26.5. 26.4, 22.5. 22.4. 16.0. 15.4 and 
13.8. LRMS: +ve ion 366 [M+Na]. -ve ion 342 [M-H]. 
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N-cycl6hexy|.2^-[(formy|Lhydroxy-amino^^ 
dimethyl-butyramide • 




Stock solutions of 1 M ammonia in methanol Ct ml. 1 mmol) and i M : 
trimethylacetaldehyde in methanol'dml. 1 mmol) were mixed in a boiling tube and 
allowed tb stand fort hour A 1M, solution of cyclohexyl isdcyanide in methanol(1 
ml, 1 mrnol) was added followed by 0.5 M 2RS-[(benzyloxy-formyl-amino>methyl]. 
hexanoinc acid in methanol (2 ml. 1 mmol). The reaction mixture was allowed to s^^^ 
at room temperature for 2 days. The solvent was removed. using a S^^^^^^ 
Speedvac and the reaction mixture was crystallise^^ 

provide 2:p-[(benzylpxy-formyl-amino).methyl]-3-pheny^ .. 
: cyclohexyl-3.3.dimethy|.butyramide.^& a white.solid(93 mg. 18%); whidh was 
deprotected by catalytic transfer hydrogenolysis (hydrogen ga^, lb% palladium on ' . 
charcoal, methanol^ethyl acetate) to provide the title compound (75 mg. 99%). ' 
VVhite solid. :LRIVIS:,+ve ion 440 [M+Na]. 41 8 [M+H].^ve ion 4^1 6 [M-H] ' ; ^ f'. . ^ 

Thecompounds of Examples 71 to 77 were prepared in parallel using the Ugi 4 
component condensation reaction, as described: above. All products were obtained 
in >85% purity as detemiined by HPLC. ' 
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Example 71 

2-{2-[(Formyl-hydroxy-amino)-methyl]-3-phenyl-propionylamino}-3,3-dimeth^^ " 
hexanoic acid cyclohexyl amide 




White.solid (90 mg). 'H-NMR; 5 (CD3OD). 7.82 (1H. s). 7.29-7.08 (5H, m), 4.20 (1H, 
d, J=5.0 Hz), 3.89 (IH. m). 3.19 (1H, m), 2.95-2.67 (2H, m), 1.88-1.58 (5H. br m). 
1 •44-1.05 (9H, br m) and 0.89 (9H, s). LRMS: +ve ion 468 [M+Na], 446 [i\/l+H]..-ve 
ion444[M-H], 

Example 72 

2-{2-[(Formyl-hydroxy-amino)-methyl]-3-phenyi-propionylamiho}-3,3-dimethyl- 
hexanoic acid phenylmethyl amide 




White solid (77 mg). 'H-NMR; Q (CD3OD). 7.82 (IH, s). 7.35-7.1 1 (lOH, m). 
4.38-4.19 (3H. m), 3.85 (IH, m). 3.52 (1H,.m). 2.97-2:63 {3H. m). 1.37-1.11 (4H, m) 
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and 0,93-0.78 (9H. m). LRMS: .+ve iorr 476 [!Vi^al.:454 



' 'Example 7:^. 

2^2-[(Eormyl-hydroxy-amino)-methyl]-3,phenyl-pr^ 
acid tert-butyl amide . ' ' \ ' _ 




: VVhrte solid (47:mgV HnMRv6 (CD30D). 7.82:^ s). 7.45 (1 rf., m). 7.30-7.09 (5H^ 
rn), 4,12 C1H.d,J=7.2 Hz). 3.89 (IH.m), 

m). 1 :28 (9H. s) and P.92 (9H. s). LRMS: +ve ion 4l4 [M+Na], 392 [M+Hj. -viion ' 



ExamDl^-74 



2-{2-[(fotTny|::hydroxV^^^^^ 

hexanoic acid (1 .;i.3!3-tetran?iethyl)-butyram ; . , 




•X.. ' j.v»' 
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White solid (65 mg). 'H-NMR; 5 (CD3OD). 7.79 (1H, s), 7.42-7.21 (1H. m). 7.20-7:i0 
(5H, m). 4.23 (1H. d. J=9.1 Hz). 3.86 (1H. m). 3.51 (1H, m). 3.23 (1H. m). 3.00-2.56 
(2H. m). 1.50-1.15 (12H, m) and 1.02-0.83 (18H. m). LRMS: +ve ion 498 [M+Na], 
476 [M+H, -ve ion 474 [M-HJ. 



Example 75 

N-(Cyclohexyl-cyclohexylcarbamoyl-methyl)-2-[(formyl-hydroxy-amino)-methyl]-3- 
phenyl-propionamide 




■■ri. 



White solid (98 mg). ^H-NMR; 6 (CD3OD). 7.38-7.08 (5H. m). 4.01 (1H. m), 3.81 
(1H. m). 3.68-3.35 (2H. m), 3.15 (1H. m). 2.98-2.65 (2H. rii). 1.88-1.49 (10H. br m) 
and 1 .45-0.83 (1 1 H, br m). LRMS: +ve ion 466 [M+Na], 444 [M+H], rve ion 442 
[M-H]. 

Example 7fi 

N-(Cyclohexyl-phenylmethylcarbamoyl-methyl)-2-[(formyl-hydroxy-amino)-methyl]-3- 
phenyl-propionamide 
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White solid (34 mg). ^H-NMR; 6 (CD3OD), 7.35-7.10 (10H, m). 4.44^.23 (2H. m), • 
4.05 (1 H. m). 3.87-3.35 (2H, m), 3.09 (1 H. m), 2.85-2.72 (2H. m). 1 .65-1 .4.6 (4H. m). 
1 .38-0.93 (5H. br m) and 0.75-0.5.1 (2H. br m). . LRMS: +ve ion 474 [M+Na], -ve ion 
450 [IVl-H]. 



N-[Cyclohexyl-(1J,3.3-tetramethyl-butylcarbamoyl)-methyl]-2-[(Formyl-hydro^ 
amind>methyl]-3-phenyl-propionamide 




White solid (51 mg). ^H-NMR; 6 (CD3OD). 7.80 (1H, s). 7.36-7.10 (5H. m). 4.05 (1H. 
m). 3.85 (1H. m). 3.49 (1H, m). 3.15 (1H, m). 2.91 (1H, m). 2.68 (1H. m). 1.90 (1H. 
m). 1.80-1.48 (7H. m). 1.40-1.12 (10H. m) and 1.08-0.83(1 OH. m). LRMS: +v6 ion 
496 [M+Na], 474 [M+H], -ve ion 472 IM-H]. 
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Biological Example A 
Demonstration of antibacterial effect of compound 1 (Example 1) and compound 2 
(Example 2). 

a). 

Minimal inhibitory concentrations (MIC) of inhibitors against E. co// strain DH5a 
(Genotype; F-4)80d/acZAM15A(/acZYA-argF)U169 deoR recAl endAI /)sdR17(r,- 
,m*)phoA supE44k ' ttii-A gyrAQ6 re/AI ) obtained from GibcoBRL Life Technologies, 
Enterobacter cloacae (American Type Culture Collection number 13047), Klebsiella 
pneumoniae (American type Culture Collection number 13883) or Staphylococcus 
capitis (American Type Culture Collection number 35661 ) were determined as 
follows. Stock solutions of test compound (Compounds 1 and 2 from Examples 1 
and 2 respectively (both isomer- A)) and three standard laboratory antibiotics, 
carbenicillin (Sigma, catalogue No. C3416), kanamycin (Sigma, catalogue No. 
K4000) and chloramphenicol (Sigma, catalogue No, CI 91 9). were prepared by 
dissolution of each cortfipound in dimethylsulfoxide at 10mM. For the detenmination 
of the minimal inhibitory concentration, two fold serial dilutions were prepared in 
2xYT broth (typtone 16g/1, yeast extract 10g/1, sodium chloride 5g/1 obtained from 
BIO 101 Inc. 1070 Joshua Way, Vista, CA92083, USA) to yield 0.05 ml compound- 
containing medium per well. Inocuia were prepared from cultures grown overnight in 
2xYT broth at 37''C. Cell densities were adjusted to absorbance at 660nm (Ageo) = 
0.1; the optical density-standardized preparations were diluted 1:1000 in 2xYT broth; 
and each well inoculated with 0.05ml of the diluted bacteria. Microtlter plates were 
incubated at Zyc for 18 hours in a humidified incubator. The MIC (pM) was 
recorded as the lowest drug concentration that inhibited visible growth. 
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Table 1 







. miC |jm^ . /. ;-\ 




carbenicillin 


chloramphe-. 
nicol 


kanamyein- 


compound 1 . 


compound 2 


c. couDHoa 


25 


3.12 . ' ,■ 




12.5, . 


6.25 


CUS capitis 


^1 .DO 


6.25 




100 


.■25'' 


Enterobacter 
cloacae ; 


>200 


■25; 






;25". "'; '[:■:■'■}:■ 


Klebsiella 
pheumoniae 


200 


,12.5 .. 


.2.5, ■ . 


25 


12.5 



Minimal inhibitoty conGentrations (MIC) of inhibitors against Mycobacterium rsnae 
(American Type Culture Collection number 1,10), Pseudomonas aeruginosa ; . ■ 
(American.Type Culture Collection 
type.Culture Collection number to 

Collectibn numt)er 43504), .clinical isdlates of aminbglyqoside and erythromviciri . 
; reslstant.prepfbcpcctys pneumoniae and methicillin-resistant (MR) Staphylococcus'. 
aureus (American Type Culture Collectioh number 33591) were determined as- 
follows. Stock soiutions of test compounds 1 and 2 (isomfer A for each) and three '/ 
standard laboratory antibiotics, gehtamycin (G)rampibilliri' (A) and .erythr(5m^rv(e); j- " 
were prepared by dissolution of each compound at 10mg/ml in dimethylsulfoxide;. 
Methods used were as for a) except that the medium of Mycotjacterium ranad was 
used with Brain Heart Infasion brpth (GIBCO) and incubated at 37»C for 48 hours. 
Staphylococcus aureus (MR). Klebsiella pneumoniae,, and Pseudomonas 
aeruginosa were used with Nutrient Broth (DIFCO) and incubated at 37»C for 20 
hours. Helicobacter pylon was used with Columbia agar base (OXOI D) containing 
7% sheep blood and incubated at 35°C for 72 hours and. Streptococcus 
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pneumoniae was used with tryptic soy broth (DIFCO) containing 7% calf serum and 
incubated at 37X for 48 hours. The MIC (pg/ml) was recorded as the lowest dnjg 
concentration that inhibited visible grbwth. 

Positive vehicle control (1% DMSO; no test agent) caused growth of all 
nnicroorganisms. 

Negative blank control (absence of microorganisms; + test agent) revealed no 
growth of microorganisms. 



Table 2. 





MIC |jg/ml 


compound 1 . 


compound 2. 


antibiotic 


G 


A 


E 


M: ranae 


0.78 


02 


0.2 


nd 


nd 


S. aureus (MR) 


3.13. 


1.56 


0.78 


nd 


nd. 


K. pneumoniae . 


0.2 . 


0.1 


0.39 


nd 


nd 


P. aenjginosa 


12.5 


12.5 


0.78 


100 


nd 


H. pylori 


0.1 


0.1 


0.78 


0.1 


nd 


S. pneumoniae 


50 


12.5 


100 


3.13 


100 



nd = not determined. 



In another experiment, minimal inhibitory concentrations of compounds 1 and the 
product of Example 4 (compound 3) against a range of Gram-positive and Gram^ 
negative bacteria were determined using the Microdilution Broth Method according 
to the approved standard of the National Committee for Clinical Laboratory 
Standards procedure (Methids for dilution antimicrobial susceptibility tests for 
"^bacteria that-grow:aerobically^Fourth-EditionHSBNH-562^^^^ — : — — 
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Activity against Gram-positiv^^ bacteria : 



1 Bacterial Strain 


MIC fjg/ml . I 


j LfOmppund 3 


Compound 1 


j Vancomycin | 


Staphylococcus aureus 
ATCG 29213 MSSA 


1 ' 8' 


32 


; 0.25 ~| 


Staphylococcus aureus 
ATCC 25923 MSSA 


" ■ 16 


16 


0.5 


[ staphylococcus aureus 
ATCC 6538 MSSA 


j . 4 




0.5 ■, 


Staphylococcus 
epidermidis 
1 ATCC 1228 V 


1 4 


:'.-.8'.." 


0.5 


Staphylococcus 
epidermidis 

ATCC 27626 : j 




. .' . ' 


.0.5 .1 


Enterococcus faecalis 
ATCC 29212 ■ 








\ Enteroc^ faecalis 
(Vancomycin resistant 
1 strain) j 


8--.. 


■ , 128 . 1 


>12S^ (■ 


Micrococcus luteus 
(ATCC 9341 1 


,0.5. . 


0.5 1 


0.25 .. 


Activity against Gram-negative bacteria 


Bacterial Strain 


IVIIC Mg/ml 


* 


Compound 3 


compound 1 


Ciprofloxacin 


Escherichia coli 
ATCC 25922 


4 


4 


<0.125 
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Escherichia coli 
ATCC 12014 


4 


4 


<0.125 


Pseudomonas 
aeruginosa 
ATCC 27853 


128 


>128 


<0.125 


Enterobacter cloacae 
ATCC 13047 


32 


32 


<0.125 . 


Morganelia morganii 
ATCC 36030 ' . 


>128 


128 


<0.125 


Klebsiella pneumoniae 
ATCC 13883 


16 


16 


<0.125 



The activities of compound 3 and the product of Example 14 (compound 4) against a 
multi-resistant Enterococcus faecalis clinical isolate, assessed by the method used 
for the immediately preceding results, are set out in the following table, and 
compared with the results obtained by the same method for known antibacterial 
agents: 
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BiolQQical Example B 

i) Cloning of the Escherichia coli PDF gene. 

The E: coli PDF gene was cloned in pET24a(+) (designated pET24-PDF) and was 
used to transform BL21 DE3 cells from Novagen Inc, (Madison, Wisconsin). Clones 
were selected at 37°C on YT agar plates (8g/l typtone, 5g/yeast extract, NaCI 5g/l, 
agar 15g/l) supplemented with 30|jg/ml kanamycin. 

ii) Expression of PDF 

A 20ml overnight culture of BL21 DE3 cells harbouring pET24-PDF was used to 
infect 500ml 2xYT broth (16g/l typtone. 10g/l yeast extract, NaC! 5g/l) containing 
30ug/ml kanamycin in a 2 litre baffled flask and grown at 37°C with shaking to an 
ODgoo 0.6. The culture was then induced by adjusting the medium to 1 .OmM 
isopropyl p-D thiogalactopyranoside (IPTG). The induction was allowed to proceed 
for a further 3 hours at 37°C, the cells were harvested by centrifugatlon and the cell 
pellet washed with 250ml phosphate buffered saline (PBS) and the pellet stored at - 
70^C. 

iii) Preparation qf soluble protein fraction. 

The cells from a 1 litre expression were resuspeneded in 2x 25ml of ice cold 
phosphate buffered saline. The cell suspension was sonicated on ice using an MSE 
Soniprep 150 fitted with a medium probe and at ah amplitude of 20-25 microns in 
6x20 second pluses. The resulting suspension was then cleared by centrifugation at 
20,000 xg for 15 minutes. The supematant was then used for further purification of 
the enzyme. 



iv ) PDF Purification 
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E. coli lysate from a 1 1 culture in phosphate buffered saline (PBS) were adjusted to 
2M ammonium sulphate. A 15ml phenyl sepharose column was equilibrated with 
PBS/2Mannmonium sulphate at 400. The lysate was loaded on the column and 
washed with equilibration buffer. The column was eluted by reducing the 
ammonium sulphate concentration from 2M to OM over 1 0 column volumes. 5ml 
• fractions were collected and analysed by SDS-PAGE. the fractions containing the 
; majority of the 20kDa PDF were pooled. The pooled fractions were concentrated 
using a 3kDa cutoff membrane to a volume of 5ml. The fraction was then loaded 
onto a Superdex 75 (size exclusion chromatographyji column equilibrated in PBS: 
The concentrated PDF pool ejuted at one ml/min at4«C and 5ml fractions collected 
and analysed by SDS-PAGE. The purest.fractjons were pooled and stored at -70°C. 

(v) ; PDF in vitro assay .. . 

The assay was perfomried in a single 96 well plate in a final volume of 100mI 
containing: . • 

- 2PMr PDF (4Mg/ml) . . . 

- 20mI lOOmM Hepes pH 7.0 + tM KCI + p.05% Brij 

. - 10|jl serial dilution of test compound in 20% DMSO 

- 50mI formyl-Met-Ala-Ser (8mM) ■ . , 

The assay Was incubated at 37°d for 30 minutes. The free amino group of the 
deformylated (Met-Ala-Ser) product was detected using fluorescamine, by the 
following additions: 

- SOpI 0.2M borate pH 9.5 

- SOpI fluorescamine (150|jg/ml in dry dioxane) 

Fluorescence was quantified on SLT Fluostar plate reader using an excitation 
wavelength of 390nM and an emission wavelength of 485nM. . Standard control 
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reactions are a no inhibitor reaction which provides the zero inhibition figure and a" 
no enzyme and no inhibitor reaction which provides the 100% inhibition figure. The 
data was analysed by conversion of the fluorescence units to % inhibition and the 
Inhibitor concentration plotted against % inhibition. The data was fitted to a 
sigmoidal function : y = A+((B-A)/(1+((C/x)°))), wherein A represents zero inhibition. 
B represents 100% Inhibition and C represents the ICgo, D represents the slope. 
The lCgo represents the concentration of inhibitor (nM) required to decrease enzyme 
activity by 50%. 

Compounds of the invention were found to Inhibit bacterial PDF /a) vitro. In addition, 
actinohin (Sigma Cat. No. A-6671 ) was also found to inhibit bacterial PDF in vitro: 

Biological Example C 
Demonstration ttiat compound 2 intiibits PDF in vivo. 

i Blocking the tRNAi-Met transformylation reaction confers resistance to 
. Compound 2 (diastereomer/isomer A). 

Trimethoprim specifically inhibits dihydrofolate reductase, thereby depressing the 
pools of tetrahydrofolate (THF) derivatives, including formyl tetrahydrofolate (fTHF). 
the substrate of the methionyl-tRNA formyltransferase (EC 2.1 .2.9). If ail essential 
metabolites whose biosynthesis involves THF derivatives, eg pantothenate, 
methionine, glycine, purine nucleotides and thymidine are supplied exogenously in 
the form of precursor compounds in rich medium supplemented with thymidine, then 
bacteria grown in rich medium plus thymidine (0.3mM) and trimethoprim (100Mg/ml) 
can synthesize all the chemical components of normal ceils except f-Met-tRNAi 
(Baumstark eta!., J. Bacteriol. 129:457-471, 1977). Unformylated Met-tRNAI is used 
instead, resulting in the formation of polypeptides devoid of a formyl group at their N- 
terminus, independently of the action of deformylase. As predicted by the inventors, 
"^DH5a cells grown ifrLBlTTediurfr(typtone~1^ 

supplemented with trimethoprim and thymidine, were found to be resistant to : 
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compGuhd 2 (diastereomer A). The demonstration « 

normal formylatioh process on expressed proteins ■are inhibited by compound 2A 
whereas, unformylated proteins, as produced in the cells grown under these 
.conditions, are not lnhibited by compound 2A demonstrates that compound 2A is 
likely to work by inhibiting the deformylation reaction earned piit by F^DF. 

Tabie-3. '.■ ' ■ , .v.:''''i ^ ;vX'v . 



growth conditions 


minimal inhibitory 
concentration pM 


LB 


-: 15- . ' 


LB trimethoprim (lOOpg/ml).. 
. thymidine (6.3mM) 





2 Treatment c^'bacteri^ with compou^^^ 
. tenriinally blocked proteins. ■ .-■ -J ' 

If the compounds of the invention dp ^ctually^^ M Wuo: th^n a 

consecjuence of treatment of bacteria with compound 2 (Example 2. diastereomer a£ 

. will be thb accumulatibn of N-formyl methionine at^^^^ ! 
synthesised proteins. Such proteins wjll be N-terminalli^ blocked- and will be unable - 
to be used as a substrate for N-terminal seqiiehcing by Edman degradatibn^ ' ' 

. chemistry. ' ; ' ' • *" .^6" • ' • 

T6.test this hypothesis a desired proiir^ i^ expressed j^^ abi^nce of : 

the test compound. The protein Is isolated, purified and then subjected to Edman 

degradation protein sequencing using techniques, known to the person skilled In the 
art. \ ■• 



Bacterial cells transformed with an expression vector allowing expression of the ' 
human calpain small regulatory subunit. were grown to an ODeoo of Ols arid then 
subjected to IPTG to induce expression of the heterologous protein in the presence 
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of 200mM compound 2A, in the presence of 240mM carbenicillin or, in the presence 
oiF vehicle control for 2.5 hours. Protein extracts were separateld by SDS-PAGE, the 
calpain subunit eluted and the protein sequence determined by Edman degradation 
chemistry using the ABI automated protein sequencer. Equal quantities of pi-otein 
were sequenced. The inventors found that the yield of the compound 2A treated 
protein was significantly reduced by 85% compared to vehicle and carbenicillin 
treated controls. 

Calpain small regulatory subunit was cloned from messenger RNA obtained from a 
gastric tumour biopsy using the InVitrogeii Micro Fast Track™ mRNA isolation kit 
version 2.2 (catalogue numbierKI 520-02). Copy DNA from this mRNA was 
synthesised using the Promega Riboclone™ cDNA synthesis system M-MLV-RT(H- 
), Not! (Promega, Catalogue number C1 660) according to the manufactures 
instructions. Two oligonucleotide primers for use in the polymerase chain reaction 
(PGR) were synthesised by Applied Biosystems, Inc., Custom Services, based on 
the published calpain small subunit sequence (EMBL Accession number X041 06). 

The Hindlll/Xhol calpain fragment was then cloned into Hind\\\ and Xhol digested 
expression vector pET24d(+) from Novagen Inc, (Madison, Wl, USA) using standard 
procedures. The ligation mixture was used to transform competent DHSacells (Life 
Technologies, Inc, Grand Island, NY, USACat # 18265-017). Colonies were 
selected by growth overnight at 37^ on YT plates. plus SO^g/ml kanamycin. 
Plasmid DNA was prepared as using the Promega Plus SV miniprep kit and clones 
with the calpain insert were identified using standard procedures. The DNA 
sequence was confirmed, using the PE Applied Biosystems cycle sequencing as 
described above. 

• .# . " • • . • 

The E. CO// gene cloned in pET24d(+) (designated pET24-CANS) was used to 
transform BL21 PjE3 cells from Novagen Inc, (Madison, Wisconsin). Clones were 
selected at 37°C on YT agar plates (8g/l typtone, 5g/yeast extract, NaCI 5g/l, agar 
15g/l) supplemented , with 30Mg/ml kanamycin. 
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1 . The use of a compound of formula (l),or a phamiaceutically or veterinarily 
acceptable salt thereof in the- preparation of an antibacterial composition: 




(I) 



wherein:; . ■. . 

R, represents hydrogen. or Ci^Cg alkyi or C^-Cealkyl substituted by one or more, 
halogen atoms; , 

R2 represents a group. R,o-(X)„-(ALK)rt-^w • . . • / : . . • .. - . 

F^,o represents hydrogen, or a CrC^ alkyi, Cz^Ce alkenyl, Ca-Ce alkynyr, 

cycloalkyi, aryl, or heterocyclyl group/ any of which ma^ 
• substituted by (Ci-C6)a!kyl, (Ci-C6)alko.xy. hydroxy, mef-capto,(G,-C6)alkylthiG. 
; amino, halo (including- fluoro. Ghloro, bromo and iodd). trifiuoromethyl, cyano. 

nitro, -COOH, rCONHa. -COOR^ -NHCOR^ -CONHR^. -NHR^. -NR^^^^^ . 
> CONR^RS wherein R* and R«: are independently a (C,-C6)alkyl group, and 

ALK represents a straight or branched divalent Ci^Ce alkylene; C^-Ce 
alkenylene. or C^-C^ alkynylene radical, and may be interrupted by one or 
more non-adjacent -NH-. -O- or -S- linkages. 

X represents -NH-. -O- or -S-, and 
:m and n are independently 0 or 1 ; and 
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A represents (i) a group of formula (lA), (IB), (IC) or (ID) 



PCT/GB99/00386 




-NRgRe 



R4 Re R4 ^ 



(lA) (IB) (IC) (ID) 

wherein: 

R3 represents hydrogen and R4 represents the side chain of a natural or non- 
natural alpha amino acid or R3 and R4 when taken together with the nitrogen 
and carbon atoms to which they are respectively attached form an optionally 
substituted saturated heterocyclic ring of 5 to 8 atoms which ring is optionally | 
fused to a carbocyciic or second heterocyclic ring, 

Rg and Rg. independently represent hydrogen, or optionally substituted Ci-Cg 
alkyi; cycloalkyi, aryl, aryl(Ci-C6 alkyi), heterocyclic, or heterocyclic(Ci-C6 
. alkyi), or Rg and Rg when taken together with the nitrogen atom to which they 
are attached form an optionally substituted saturated heterocyclic ring of 3 to i 
8 atoms which ring is optionally fused to a carbocyciic or second heterocyclic "i 
. ring, and r 

R7 represents hydrogen, C^Cq alkyi, or an acyl group. 

2. A method for the treatment of bacterial infections in humans and non-human 
mammals, which comprises administering to a subject suffering such infection an 
antibacterially effective dose of a compound of formula (I) as defined in claim 1 . 

3. The use as claimed in claim 1 or a method as claimed in claim 2 wherein in 

the compound of formula (I): ~- - ~^ ~ ... ' ~^ — - 
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represents hydrqgenv or C,-Ce alkyl- ' . ' . 

R2 represents a gr9up R,o-(X)„-^^^ 

., ' R^o represents hydrogen, a C,-Ce alkyl. C^rCe alkenyl; CrC^alki^yl. a ■ 
cyeloajkyl, aryl, or heteroaryl group, any of which may be unsubstituted or 
stib^tltuted (iCi:C6)alkyl. (C,-^ mercapto, (C,-C6)alkylthib; 

arniiio. halo (includihg fiuoro, chloro. bromo and. iodo), trifluoromethyi; nitro. ^ 

, CbNRAR^wHereihR^^ (CrG6)alkyl group/and . 



V, ALK represents a straight or branched divalent 0^0^ alkylene, Cz-Cg 
' . ; alkenylene, C2-C6 alkynylene radical, arid may be interrupted by one of mpre 
non-adjacent ^NH-, ^O- or -S- lirikages. ; ' ; ' , V / 

: X represents -KlH--, -O- 6r^S-; ia^^ ^ V^v .. 

n is.O^or-l ;^and.'.:- , l.v.' V 'i^' '-r " • 

,. R3 repres^ts hydroge^^^^ , . ■ , • 

; , R4 represents the side chain of a natural or noh-natural alpha amino acid, and 

Rs arid Re;, independently represent hydrogen or Ci-Cs alkyl, or Rg and R^ when . 
taken together with the nitrogen atom to which they are attached form an optionally 
substituted saturated heterocyclic ring of 3 to 8 atoms, and . 

R7 represents hydrogen or an acyl group. 

4. An antibacterial pharmaceutical or veterinary composition comprising a 
compound of formula (I) as defined in claim 1 and an antibacterial agent other than 
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one.of formula (I) as defined in claim 1, together with a pharmaceutically or ^ 
veterinarily acceptable excipient on carrier. 

5. A compound of formula (I) or a pharmaceutically or veterinarily acceptable 
salt thereof 




(I) 



Ri represents hydrogen, C^-Cq alkyi or Ci-Cg alkyi substituted by one or more 
halogen atoms; 

R2 represents a group Rip-(ALK)n,- wherein 

Rio represents hydrogen, or a CrCg alkyI, Cz-Cg alkenyl, Cj-Ce alkynyl, a 
cycloalkyi, aryl, or heterocyclyl group, any of which may be unsubstituted or 
substituted by (Ci-C6)alkyl, (Ci-C6)alkoxy, hydroxy, mercapto, (Ci-C6)alkylthib, 
amino, halo (including fluoro, chloro, bromo and iodo), trifluoromethyl. nitro, - 
COOH, -CONH2. -COOR^, -NHCOR^, -CONHR^, -NHR^ -NR^R^ or - 
CONR^R® wherein R'^ and R^ are independently a (Ci-C6)alkyl group, 

ALK represents a straight or branched divalent Ci-Cg alkylene. Cj-Cg 
alkenylene, C2-C6 alkynylene radical, and may be interrupted by one or more 
non-adjacent -NH-. -O- or -S- linkages, and . 

m represents 0 or 1 ; 

A represents (i) a group of formula (lA), (IB), (IC) or (ID) 
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-NRsR, 



5^6 



R4 



(ID) 



OA) (IB) ,(|C) 

wherein: 

R3 represents hydrogen and R4 represents the side chain of a natural or.non- 
natural alpha amino acid or R3 and R4 when taken together with the nitrogen 
and carbon atoms to which they are respectively attached form an optionally 
substituted saturated heterocyclic ring of 5 to 8 atoms which ring is optionally 
fused to a carbocydic or second heterocyclic ring, 



Rg and Rg, independently represent hydrogen, or optionally substituted C^-Ca 
alkyi, cycloalkyi, aryl(C,-C6 alkyi). non-aromatic heterocyclic, or 
heterocyclic(Ci-Ce alkyi). or Rg and Rg when taken together with jhe nitrogen 
atom to which they are attached form an optionally substituted saturated 

heterocyclic ring of 3 to 8 atoms which ring is optionally fused to a ca^ 
or second heterocyclic ring, and 

R7 i-epresents hydrogen, Ci-Cg alkyl, or an acyl group: 

PROVIDED THAT (!) when A is a group of formula (lA) or (IB) and R2 is C2-C5 alkyI 
then R4 Is not the side. chain of a natural alpha amino acid or the.side chain of a ." 
natural alpha-amino acid in which any functional substJtuents are protected, any 
amino groups are acylated, and any carboxyl groups are esterified; (ii) when A is a 
group of formula (lA) or (IB) then R^ is not a bicyclicarylmethylene group; and 
(iji) when A is a group of fonnula (|A) and R2 is cyclopropylmethyl. cyclobutyl methyl 
or cyclopentylmethyl and one of Rg and Rg is hydrogen, then R^ is not tert-butyl. 



.6. A compound as claimed in claim 5 wherein: 
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Ri represents hydrogen, or C-Cs alkyi; 
R2 represents a group Rio-(ALK)- wherein 

R10 represents hydrogen, a C.-Cq alkyi, Cz-Ce alkenyl, Cj-Ce alkynyl, a 
cycloalkyi, aryl, or heteroaryl group, any of which may be unsubstituted or 
substituted by (C,-C6)alkyl, (C,-C6)aikoxy, hydroxy, mercapto, (C,-C6)alkylthio, 
amino, halo (including fluoro, chloro, bromo and iodo), trifiuoromethyl. nitro, - 
COOH, -CONH2. -COOR^, -NHCOR^ -CONHR*. -NHR*. -NR'^RB. or - 
CONR*R« wherein R'^ and R« are Independently a (C,-C6)alkyl group; and 

ALK represents a straight or branched divalent Ci-Cg alkylene, Cj-Cs 
alkenylene, Cz-Cg alkynylene radical, and may be interrupted by one or more 
nonradjacent -NH-, -O- or -S- linkages; ':■ 

R3 represents hydrogen or Ci-Cg alkyI, 

. R4 represents the side chain of a natural or non-natural alpha amino acid, 

Rg and Rg. independently represent hydrogen or Ci-Cg alkyI, or Rg and Rg when 
taken together with the nitrogen atom to which they are attached form an optionally 
substituted saturated heterocyclic ring of 3 to 8 atoms, and 

R7. represents hydrogen or an acyl group; 

PROVIDED THAT when A is a group of fomnula (lA) then (i) R4 is not the side chain 
of a natural alpha amino acid or the side chain of a natural alpha-amino acid in 
which. any functional substituents are protected, any amino groups are acylated, and 
any carboxyl groups are esterified. (ii) R4 is not a fused bicyclicarylmethylene group, 
and (iii) R^ is not tert-butyl when Rj is cycloalkyl(Ci-C6 a\k\/\). — : — = — ^— 
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7. ' Theuse as claimed in claim 1 . a metRod as claimed in claim 2. a compdsition- 
as dalmed in claim 4 or a compound as claimed in claim 5 wherein in the cpmpoiind: 
of fomiula (I) Ri is hydrogen. , . v . 

8. The use as claimed in claim l^a method as cteirtied in daim 2, a cpiripositlbn ! - 
as claimed in claim 4 or a€onipouncl as blairned In daim;5 wherein in the cprftRdUrul i 
pfformMla.(l) Rj is:-- ' . ' , ' * ■ 

. , opttonally substltutbd.C,-C8 aikyr -G^^ ; : , 

^. phehyl(C,-C6 a'MK Phehyl(C3-C6 alkenyl)- pr:phenyl(Ci^^ 

pptibnally substituted in the phenyl ring; i ' • . . 

cyclpalkyl(CrCe a|kylK:cydoalkyl^C3-G^ : . 

optionally substituted in the cycloklkyi ring; V ^ : , . i 

heterocydyi(C,-Q alkylH h^ 
. alkynyl)- optionally substituted in the heterocyclyl ring; or- : J 

.:CH3(CH2)pO(CH2Xr or CH3(QH2)pS(CH2)^-;wh^ 
■ ■ 2.or3.'- ■ ;■■ ■. ^ '■ ' ' .a ' ' ^ [ ■ 



9. 



The use as daimed in daim 1 /a method as claimed in cteinf?/^ cqm^bsiiloh: • 
as daimed in daim 4 or a compound as claimed iad^hn 6 wherein i6 thb corripdurid : 
of formula;(l) R, Is methyl/ethyl. n,onso^^ 
3-methy.l-but-1-yl, n.hexyl, n-heptyl, n-acetyl, h^^^ 
ethylsulfanylmethyi; 2-methpxyethyl. 2-ethoxyethyl. 2^^^^^^ 

hydroxypropyl. allyl. 3-phenylprop^3-en.1 -yl. prop.2-yn-1 -yl. 3-phenylprop-2-yn-1 -yl. 
3-(2-chtordphenyl)prop^2-yn-1 -yl. but-2-yn-1 -yl. cydopentyl, cydohexyl, 
cydopentylmethyl, cydopentylethyl, cyclopentylpropyl, cydohexylmethyl. 
cyclohexylethyl. cydohexylpropyl, furan-2-ylmethyl. furan-3-methyl. tetrahydrofurah- ' 
2-ylmethyl, tetrahydrofuran-2-ylmethyl. piperidinylmethyl, phenylpropyl. 4- ' r 
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chlorophenylpropyl, 4-methylphenylpropyl. 4-methoxyphenylpropyl. benzyl; 4- 
chlorobenzyl, 4-methylbenzyl, or 4-methoxybehzyl. 

10. The use as claimed in claim 1. a method as claimed in claim 2, a composition 
as claimed in claim 4 or a compound as claimed in claim 5 wherein in the compound 
of fomnula (I) R2 is n-butyl. benzyl or cyclopentylmethyl. 

11. The use as claimed in claim 1 . a method as claimed in claim 2. a composition 
as claimed in claim 4 or a compound as claimed in claim 5 wherein in the compound 
of formula (I) R3 is hydrogen. 

12. The use as claimed in claim 1 , a method as claimed in claim 2, a composition 
as claimed in claim 4 or a compound as claimed in claim 5 wherein in the compound 
of formula (I) R4 is: 

the characterising group of a natural a amino acid, for example benzyl, or 4- 
methoxyphenylmethyl, in which any functional group may be protected, any 
acnino group may be acylated and any carbpxyl group present may be 
amidated; or 

a group -[AlkJ^Rg where Alk is a (C,-C6)alkylene or (C2-C6)alkenylene group 
optionally interrupted by one or more -0-, or -S- atoms or -N(Ri2)- groups 
(where R,2 is a hydrogen atom or a (Ci-Ce)alkyl group], n is 0 or 1 , and Rg is 
hydrogen or an optionally substituted phenyl, aryl, heterocyclyl, cycloalkyi or 
cycloalkenyl group or (only when n is 1 ) Rg may additionally be hydroxy, 
mercaptp, (C.i-Ce)alkylthio, amino, halo, trifluoromethyl, nitro, -COOH, - 

-CONH2, -COOR^ -NHCOR^ -CONHR^ -NHR^ -NR'^R^ or -CONR^R« • 
wherein R^ and R^ are independently a (Ci-C6)alkyl group; or 



: a benzyl group substituted in the phenyl ring by a §roup of formula - 
OCH2COR8 where Rg is hydroxyl, amino, (Ci-C6)alkoxy, phenyl(C,-C6)alkoxy, 
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(C,-C6)alkylamino, di((C,rC6)aiky()^ 

a heterocyclic(Ci-C6)alkyl group; either being unsubstituted or mono- or di- 
substituted in the heterocyclic ring with halo, nitrp- carboxy; (Ci-C6)alkpxyv 
cyano-(CrC6)alkanoyl, trifluoroniethyl (CrCe)alkyl/h^^^^ amino. 
.(Ci-C6)alkylamiho, di-(Ci-Ce)alkylamino, mercapto! {Ci-C6)alkylthio. '. 
hydroxy(C,-C6)alkyl, mercapt6(Gr,C6)a|kyl or (C,-C6)alkylphenylmethyl; or 

a group -CRaR.R. in which: ; ' . 



each of Ra. Rb and R^ is independently hydrogen, (Ci-Ce)alkyl, {C2- 
C6)alkenyl, (C2-C6)alkynyl, phenyl(Ci-e6)alkyl, (C;i-C8)cycloalkyl; or 

Re is hydrogen and R^ and R5 are independently phenyl or heteroaryl. 
. such as pyridyl; or , 

, Re is hydrogen. (Ci-C6)alkyl. (C2-C6)alken^ (C2-C6)alkynyl. phenyl(C,- 
C6)alkyl, or (Cj-CeOcycloalkyI, and R3 and R^ together with the carbon 
atom to which they are attached form a 3 to 8 menibered cycldalkyi or a 
5- to 6-membered heterocyclic ring; or 

Ra. Rb and R^ together with the carbon atom to which they are attached 
. form a tricyclic ring (for example adamantyl); or : ' , :^ 



7 



Ra and R^ arie each independently (C,-C6)alkyl. (C2-C6)alkenyl, (C2- 
C6)alkynyl, phenyl(C,-C6)alkyl, or a group as defined for R^ below of 
than hydrogien, or Rg and R^ together with the carbon atom to whic^ 
are attached form a cycloalkyi or heterocyclic ring, and R^ is hydJ 
OH. -SH. halogen. -CN. -CO2H, (Ci-C4)perfluoroalkyI. -CHgOH. / 
C6)alkyl. -0(C,-C6)alkyl. -0(C2-C6)alkenyl, .S(C,-C6)alkyl, -SO.^. ' 
C6)alkyl, -S02(C,-C6) alkyi, -S(C2-C6)alkenyl. -SO(C2-C6)alken^ 
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C6)alkenyl or a group ^-W wherein Q represents a bond or -0-, -S-, - 
SO- or -SO2- and W represents a phenyl, phenylalkyi, (C3-C8)cycloalkyi, 
(C3-C8)cycloalkylalkyl, (C4-C8)cycloalkenyl, (C4-Ca)cycloalkenylalkyl, 
heteroaryl or heteroarylalkyl group, which group W may optionally be 
substituted by one or more substituents independently selected from, 
hydroxyl, halogen, -CN. -CO2H, -C02(Ci-C6)alkyl, -CONH2, -CONH(Ci- 
C6)alkyl, -CONH(Ci-C6alkyl)2, -CHO, -CH2OH. (CrC4)perfluoroalkyl. - . 

0(Ci-C6)alkyl, -S(C,-C6)alkyl, -SO(C,-C6)alkyl, -S02(C,-C6)alkyl. -NO2. - 
NH2, -NH(CrC6)alkyl. -N((C,-C6)alkyl)2, -NHCO(C,-C6)alkyl, (C,-e6)alkyl, 
(C2-C6)alkenyl. (C2-C6)alkynyl, (C3-C8)cycloalkyl. (C4-C8)cycloalkenyl. 
phenyl or benzyl. 

13. The use as claimed in claim 1, a method as claimed in claim 2, a composition 
as claimed in claim .4 or a compound as claimed in claim 5 wherein in the compound 
of formula (I) R4 is methyl, ethyl, benzyl, 4-chlorobenzyl, 4-hydroxybenzyl, phenyl, 
cyclohexyl, cyclohexylmethyl, pyridln-3-ylmethyl. tert-butoxy methyl, naphthylmethyl, 
iso-butyl, sec-butyl, tert-butyl,1-benzylthio-1-methylethyi, 1-methy|thio-1-methylethyl. 
1-mercaptor1-methylethyl,.1-methoxy-1-methylethyl, 1-hydroxy-1-rnethylethyl, 1- 
fluoro-1-methylethyl, 2-hydroxethyl. 2-carboxy ethyl, 2-methylcarbamoylethyl, 2- 
carbamoylethyl, or4-aminobutyl. 

14. The use as claimed in claim 1, a method as claimed jn claim 2, a composition 
as claimed In claim 4 or a compound as claimed in claini 5 wherein in the compound 
of formula (I) R4 is tert-butyl, iso-butyl, benzyl or methyl. 

15. The use as claimed in claim 1 , a method as clairned in claim 2, a composition 
as claimed in claim 4 or a compound as claimed in claim 5 wherein in the compound 
of formula (I) R3 and R4 when taken together with the nitrogen and carbon atoms to 
which they are respectively attached may form an optionally substituted saturated 
heterocyclic ring of .5 to 8 atoms. ' . 
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jer the use as claimed in claim 1. a method as claimed in daim s! a imposition 
^^^^'^'"^«d'"^'^*m4oracompoundas^c^^ 

of fomnula (I) R3 and R, fbrai a bridge between the nitrogen and ..arbbn atoms to " 
. which they are attached, said bridge being represented, by the divalent radii:ar - 
: /(^f^^^)--- °^-(CH.VO-(CH4.; or^^ 

independently 1, 2 or 3 with the proviso that r+s = 2; 4; of 5; ^ 

-:Ay7. .Th^use^s:claimMinclalm^ 

- . asclaimed in claim:4pra compos 

. , > pf fomiula (l;)R3 andR, areindepend^ ^ 
V V oycloperityl. cyclohexyl j J ,3,3-^^ or 2-hyd4yethyl: ■ 

,ia/ :Th^^ 

- V as Claimed in clairh4or:a compound as cl,i^^^ 

: of fomriula (0 Rs. and R^ when taken together with the. nitrogen atom to which they 
are attaclled fohn a saturated 5- to 8-menr,ber^d monocyclic N-heteracyclic ring 
. ^hicli is attached via the N^atom and which optionally contains -N(R„)- wherein R ' 
7. .? hydrogen or q,.Ce alkyl. berlzyl. acyi; or an amino protecting group. 6. S. SO or ' ' 
: • ^0. as a ring mennber; and/or is optionally substituted on one or more S atbrfis by - ' 

. hydroxy, C,.e, alkyl. hydroxy(G,-C, alkyl), e,-C,alkoxy. dxo. ketalised'bxb amino 
, ^ . mono(C,-Cealkyl)amino.di(C,-Cealkyl)amin^ . 

. . hydroxymethyl,G,.C,alkoxymethyl. cart^^^^ '^onofG^-C^ alkyOca,tarf,oyl.'di(C,. < 
C» alkyl)carbamoyl, ot'Hyclroxyimino. " ' ' ■ - ' . 

■ 19.. The use as Claimed in claim i:a me*od as clairned'in claim 2. a composition 
as Claimed irt .claim 4 ora compound as Calmed in claim 5 wherein in the compound 
of formula (OR, and R. when taken together with the nitrogen atom towhichthey ' 

are attached fbm, a substituted or unsubstituted 1-pyrrolidinyl. piperidin-1.y| 1.' 
piperazinyl, hexahydro-1-pyridazinyl, morpholin^-yl, tetrahydro-M-thiaziniyl 
.et,.hydro-1,4-thia.in^.y, t-oxide, tetrahyd,o-1 ,4.thlazln^y, ,.,^toxlde, .hlazdlidin- 
^-yl. hexahydroazipino.oroctahydroazocinoring. 
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20, The use as claimed in claim 1 , a method as claimed in claim 2, a composition 
as claimed in claim 4 or a compound as claimed in claim 5 wherein in the compound 
of formula (I) Rg and Rg when taken together with the nitrogen atom to which they 
are attached forni a substituted or unsubstituted 1 -pyrrolidinyl. piperldin-1-yl. 1- 
piperazinyl, hexahydro-1-pyridazinyl. morpholin-4-yl, tetrahydro-1 ,4-thia2in-4-yl, 
tetrahydro-1 .4-thiazjn-4-yl 1-oxide, tetrahydro-1 .4-thiazln-4-yl 1 ,1-dioxide, 
hexahydroazipino. or octahydroazocino, Substituted examples of the foregoing are 
2-(methylcarbamoyl)-1-pyrrolidinyl, 2-(hydroxymethyl)-1 -pyrrolidinyl. 4- 
hydroxyplperidino. 2-(methylcarbamoyl)piperidino. 4-hydroxyiminopiperidino. 4- 
methoxypiperidino, 4-methylpiperidin-1yl. 4-ben2ylpiperidin-1-yl. 4-acetylpiperidin-1- 
yl.4-methyl-1 -piperazinyl. 4-phenyl-1 -piperazinyl. 1 .4-dioxa-8-a2aspiro[4.5]decan.8- 
yl. hexahydro-3-(methylcarbamoyl)-2-pyridazinyl, and hexahydro-1- 
(benzyloxycarbonyl)-2-pyridazinyl,decahydrolsoquinolin-2-yl.or 1,2,3;4. ^^ 
tetrahydroisoquinolin-2-yl ring. 

21 . The use as claimed in claim 1 , a method as claimed in claim 2, a composition 
as claimed in. daim 4 or a compound as claimed In claim 5 whereinin the compound 

of fbmiula(l) R^ is hydrogen, or a group R^oGCO)- where R^o is a (C,-C6)alkyl group 
such as methyl or ethyl. - . . 

22. The use as claimed in claim 1 , a method as claimed in claim 2. a composition 
as claimed in claim 4 or a compound as claimed in claim 5 wherein in the compound 
of formula (I) Rjo is methyl or ethyl: 

23. The use as claimed in claim 1. a method as claimed in claim 2, a composition 
as claimed in claim 4 or a compound as claimed in claim 5 wherein in the compound 
of formula (I) A represents a group of formula-(IA), R, represents hydrogen. R^ 
represents n-butyl. benzyl or cyclopentylmethyl. R3 is hydrogen. R, is tert-butyl. iso- 
butyl. taenzyl or methyl. R^ is hydrogen or methyl and Re represents methvl. 



24. 



The use as claimed in claim 1, a method as claihned in claim 2, a composition 
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^ as claimed in claim 4 or a compound as claimed in claim 5 wherein in the compound 
of fomnula (I) A represents a group of formula (IB). R, represents hydrogen R, 
represents n-butyl. benzyl or cyclopentylmethyl. R3 Is hydrogen, and R, is tert-butyl. 
iso-butyl, tienzyl or methyl. 

25. 2R (orS)-[(Fomiyl-hydrbxy-amlno)-methyl]-hexanoic acid (1 S- 

dlmethylcarbamoyl-ethyO-amide Pr a phamiaceutically orveterinarily acceptable salt 
. thereof, ■ 

2p, 2R (or S)-[(Formyl-hydrOxy-amino)-methyl]-3-cydopentyl-propionic acid (1S- 
d.methylK:arbamoyl-2,2-dimethyl-propyl),amideora pharmaceutic^^^^ • 
acceptable salt thereof. : 

27. A compound as claimed in claim 5. which is disclosed In any of Examples 13. 
5-13. or 15-78 herein.-or a phamiaceutically or veterlnarily acceptable salt thereof. 

.28. An antlbacteriarpharmaceutjcal or veterinary compo^^^^^ 

cornpound as claimed in any of claims 5 to 27 together With a phar^^^^^ 
veterinarily acceptable exclpient or carrier. , 

29. A^nethod for the identification of antibacterial compounds:^ . 

(i) screening test compounds for activity, as inhibitore of PDF 7nu/f/p, . - , 

(ii) . ^^'■®®"'"9 those compounds which exhibit s^^^^^^ 

ability to inhitiit bacterial growth. 

30. Use of a compound which inhibits the activity of bacterial PDF. in the 
preparation of an antibacterial composition or agent! provided that (i)'the compound 
is not of formula (XI) 



RCO-CH(W)-NH-CO(Y).CH-CH2-CO-NH-OH 



(XI) 
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wherein, 

(a) R is a cyclic amino group, W is hydrogen, methyl, isopropyl, isobutyl or 
benzyl, and Y is hydrogen, C^Cs alkyi, phenyl, benzyl, 4-chlorophenylmethyl, 4- 
nitrophenylmethyl, or 4-aminophenylmethyl; or, 

(b) R Is 2-pyridylamino or 2-thlazolylamino, W is isopropyl and Y is n-pentyl; or, 

(c) R is diethylamino, W is methyl or isopropyl and Y is n-pentyl; 

or (ii) the compound is not one containing a divalent piperazin-1 , 6-diyl group. 

31 . A method of treating bacterial infection or contamination by administering to a 
patient suffering such infection or contamination, or applying to the site of such 
infection or contamination, an antibacterially effective amount of a compound which 
inhibits the activity of bacterial PDF enzyme, provided that (i) the compound is not 
of formula (XI) 

RCO-CH(W)-NH.CD-CH(Y)-CH2-CO-NH.OH (XI) 
wherein, 

(a) R is a cyclic amino group, W is hydrogen, methyl, isopropyl, isobutyl or 
benzyl, and Y is hydrogen, Ci-Cg alkyI, phenyl, benzyl, 4-chlorophenylmethyl, 4- 
nitrophenylmethyl, or 4-aminophenylmethyl; or, 

(b) R is 2-pyridylamino or 2-thiazolylamino, W is isopropyl and Y is n-pentyl; or, 

(c) R Is diethylamino, W is methyl or isopropyl and Y is n-pentyl; 

or (ii) the compound is not one containing a divalent piperazin-1 , 6-diyl group. 
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